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Comparative physiology and root anatomy of two wheat varieties exhibiting
differential growth response to salinity and hypoxia
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ABSTRACT

Wheat is the major cereal sown in saline-waterlogged, sodic and compact saline soils
and is likely to be faced with waterlogging during winter. Under waterlogged
conditions the effects of salinity stress are expected to be accertuated further. This
experiment was laid out in matrix culture at two salinity levels (0 and 100 mol m™
NaCl + 10 mol m™ CaCl)) and two aeration levels (aerobic and waterlogged) by
applying modified Phostrogen nutrient solution to determine the mechanisms of
tolerance to the combined stress of suiinity and waterlogging. Waterlogged condition
were developed by keeping the solution standing in the root zone. The tolerant
variety (Blue Silver) produced comparatively more shoot and root fresh weight than
the sensitive variety (7-Cerros) while shoot:root ratio was not affected.
Accumulation of Na' was more in the three young leaves of the sensitive variety
compared with the tolerant variety whereas the concentration of K* showed the
opposite trend. Na‘ concentration increased and that of K* decreased as the age of
the leaf increased. CO, assimilation rate was higher in Blue Silver while transpiration
rate showed no differences under saline-waterlogged condition. Simultaneously, the
tolerant variety induced more aerenchyma in the root up to its tip and the sensitive
variety induced very few aerenchyma near the root tip. The activity of lactate
dehydrogenase (LDH) was higher and that of alcohol dehydrogenase (ADH) was
lower in the roots of Blue Silver, indicating a favoﬁmble biochemical pathway
followed by this variety.



INTRODUCTION

Restricted drainage conditions cause waterlogging not only in high rainfall areas,
but also in semi-arid regions when seasonal rains may cause loculized flooding
(Rickman and Klepper, 1980). Poor drainage effects perhaps as much as one helf of
the world's irrigated land (Donman and Houston, 1967), while 400 x 10° hectares are
affected by excess of salts (Mudie, 1974). Excess of water in the root zone coupled
with high soil temperature can rapidly deplete soil oxygen and damage crops
(Hodgson, 1982). Salinity superimposed on waterlogging imposes additional stress

(see Barrett Lennard, 1986).

Plant breeders and geneticists seek to modify plants to suit adverse soil conditions
while maintaining reasonable and reliable yields. This approach has recently
received more attention as a possible means of utilizing saline lands and waters

(Epstein and Rains, 1987; Qureshi et al., 1990).

Anaerobic conditions, like the presence of an uncoupling agent, almost immediately
inhibit uptake from solution and radial transport of nutrient ions by roots of non-
wetland species (Cheeseman et al., 1980). This indicates that anaerobic metatolism
provides energy insufficient to maintain the activity of jon pumps so that the
transfer of some ions from the rooting medium to the shoot may only take place
passively; ions move with little selectivity across damaged cell membrane by mass
flow with the transpirational stream (Trought and Drew, 1980). Thus a higher
concentration of certain ions in the outer medium can offset the anoxia-induced

inhibition of transport to the shoot (Trought and Drew, 1981).

A range of tolerance to the stress is the requirement of breeding programmes

focussing on the development of salt tolerant varieties.



However, the basic information regarding various mechanisms involved in tolerance
toa certain stress can greatly facilitate the procass of breeding for stress tolerance.
Especially, there is a need to know about heritability of a given trait and how traits

interact with saline areas as these are very heterogenous.

Our earlier studies on wheat showed that different varieties responded differently
to salinity (see Rashid, 1986; Qureshi et al., 1990), hypoxia (Jackson and Drew,
1984) and the dual stress which provided a basis for a future systematic study of the

mechanisms of tolerance of wheat to these stresses.

This experiment was designed, on the basis of the results described earlier (Nawaz
et al., 1992) to analyse some of the different physiological, biochemical and

anatomical mechanisms involved in wheat for tolerance to salinity and hypoxia.

Materials and Methods
Two varieties of wheat, Blue Silver (tolerant to both salinity and hypoxia) and 7-

Cerros (moderately tolerant to salinity but sensitive to hypoxia) were selected.
Seedlings were grown under greenhouse conditions (photoperiod 16 hrs, day temp.
25°C, night temp. 20°C and PAR 400-760 nm) in matrix culture (mixture of gravel,
ccmpost and vermiculite) in plastic pots (30 x 20 x 15 cm®). Treatments applied were
control (non-saline aerobic), hypoxic (non-saline anaerobic) , saline (100 mol m™
NaCl + 10 mol m™® CaCl2 with aerobic condition) and saline hypoxic (100 mol m™ NaCl
+ 10 mol m™® Cn.Clz) but anaerobic condition). Twenty replications were considered
each of a single plt;nt and a completely rendomized design was adopted. Nutrition was
supplied by adding Phostrogen (a 10-10~27 blend of NPK fertilizer containing 1.3%
Mg, 0.4% Fe* and 200 ppm Mn**) @ 1 g L and micronutrients as used in Hoagland's
solution (0.5 mL L™!). Salinity was developed stepwise over 4 days (25 mol m™ NaCl



+ 2.5 mol m™ CaCl, per day) when the plants were at the two leaf stage. Hypoxia
stress was superimposed on the day after the final ealinity had been achieved.
Nutrient sclutions (non-seline and saline) were added and immediately drained daily
in the case of the aerobjc treatments while for the hypoxic treatments solutions were
changed first fortnightly and then weekly after bubbling excess uf N, gas through

the solution to remove dissolved Oz.

During the fourth week of stress, data for net CO, assimilation rate, stomatal
conductance and transpiration rate from the youngest fully expanded leaf were
recorded by means of an Infra-Red Gas Analyzer (LCA 2, The Analytical
Deveiopment Co. Ltd. Pindar Road, Hoddesdon, Herts, England). At the end of the
fourth week the plants were harvested and fresh weight of shoot and root were
recorded. The youngest first, second and third leaves were separated to determine
the concentration of Na* and K* (flame photometrically) in the tissue sap after
appropriate dilution (Richards, 1954). Root samples were preserved for measuring
the activities of enzymes (aleohol dehydrogenase and lactate dehydrogenase), and

for determining the extent of aerenchyma (Hoffman et al. » 1986).

Data were analyzed statistically by Analysis of Variance for three factors (salinity,
hypoxia and vuriety) and their interactions by using MSTATC statistical package
(Crop and Soil Science Department, Michigan State University) using ANOVA to

assess significant differences (P<0.05) between means.

RESULTS AND DISCUSSION

The main effects of salinity and hypoxia and their interaction on varieties were
statistically significant (P<0.05) for most of the parameters. This means that the
effects of salinity x hypoxia were different on different varieties. Hence, in the
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results, emphasis was placed upon determining the relative and absolute performance
of the two wheat varieties under the various stress conditions: means were compared

in rows as well in columns.

Genotypic differences in growth response of wheat to salinity and hypoxia

Salinity and hypoxia individually and in combination reduced the fresh weight of
shoot significantly compared with the control (Table 1). Hypoxia caused a mean
reduction of 49.2% in shoot fresh weight compared with the control while the
reduction was 81.1% due to salinity stress and 86.8 % for the comvined stress of
salinity and hypoxia. This suggested that the effects of salinity and hypoxia were

non-additive.

There were no significant differences between the two varieties in the control
treatment. The fresh weight of both varieties decreased significantly due to
hypoxia, salinity or the combired stress, but cv. 7-Cerros was more adversely
affected than cv. Blue Silver and had a significantly lower fresh shoot weight than

cv. Blue Silver under all stressas.

Hypoxia had no significant effect on mean root fresh weight uncer both non-saline
and saline conditions, but salinity significantly reduced the root growth under both
aerobic and anaerobic conditions (Table 2). Hypoxia significantly reduced the fresh
weight of roots under non-saline conditions in cv. 7-Cerros while in the case of Blue
Silver, root weight increased, although this was non-significant. Under saline
conditions there was no significant effect of hypoxia on either variety. Salinity
decreased the fresh weight of root significantly in both the varieties under both
aerobic and hypoxic conditions. Blue Silver had significantly greater root fresh
weight than 7-Cerros under hypoxic and saline-hypoxic conditions. Thus the
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genotypic differences of the two varieties to various stresses are apparent, Blue
Siiver being more tolerant than 7-Cerros. The main reasons for growth depression
of plants due to salinity and hypoxia are well documented (see Greenway and Munns,

1980; Kozlowski, 1984)

Ionic relations of wheat under salinity and hypoxia

Salinity significantly increased the accumulation of Na* compared with the control
(Table 3). Hypoxia alone did not increase the Na' concentration significantly
compared with control in all the three leaves, as might be expected as no additional
Na' was available to the plants. The combined stress of salinity and hypoxia

significantly increased Na' concentration compared with all oher treatments.

Hypoxia caused a significant increase in Na* concentration under saline conditions
while the difference under non-saline conditions was non-significant. On the other
hand, salinity significantly increased Na‘ concentration in all the leaves studied,

under both aerobic and hypoxic conditions.

Comparison of the wo varieties under different treatments indicated that Na‘
concentration differed significantly only under salinity alone in which 7-Cerros
accumulated significantly more Na' than Blue Silver in all the three leaves. Blue
Silver could control Na*accumulation better under saline condition than 7-Cerros but
under saline-hypoxic condition this control mechanism via the energy dependent

selective uptake £ Na' was apperently disrupted.

The slope of the regression line drawn between Na' concentration in the youngest
fully expanded leaf and shoot fresh weight under both saline-aerobic and saline-

hypoxic treatments (Fig. 1) showed that under saline-hypoxic conditions the toxic
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effect of the tissue Na' was lesser than in the case of saline-aerobic conditions
(apparently more Na' concentration should depress the yleld to a greater extent,
(see Rashid, 1986; Flowers et al., 1991)]. This could be due to greater accumulation
of some compatible osmotica along with effective intracellular compartmentation under
this treatment. Perhaps higher LDH activity in the root under saline-hypoxic

conditions (see later) plays a role in this, but this needs further studies for

elucidation.

Salinity increased K* concentration significantly compared with control (non-saline
anrobic), hypoxic and saline-hypoxic treatments in all the three leaves, while in the
case of second and third youngest leaves, hypoxia alone accumulated sign:ficantly
less K* than the other treatments (Table 4). Hypoxia decreased K* concentration
under both saline and non-saline conditions for all comparisons except for the

youngest fully expanded leaf under non-saline conditions.

A significantly higher accumulation of-K' was observed in Blue Silver than in

7~Cerros in the second and third youngest leaves under saline treatments, while in

other treatmenis such differences were non-significant.

The increased concentration of K* under salinity may be related to decreased growth
while the decreased concentration may be due to reduced selectivity at the root

membrane level due to reduced availability of energy (Cheeseman and Hanson, 1979).

Hypoxia and salinity individually reduced K*':Na® ratio compared with control (non-
saline aerobic) (Table 5). The combined stress of salinity and hypoxia further
decreased this parameter but the difference was significant only for the third leaf.

The decrease in K':Na' ratio was greater under salinity stress and differed
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significantly compared with hypoxic stress. Salinity reduced K‘:Na* ratio
significantly under both aerobic and hypoxic conditions. Blue Silver showed Na'
concentration similar to that of 7-Cerros but due to higher K*® concentration it
maintained a relatively higher K* : Na' ratio in all the three leaves. Higher K’ or
K':Na' in leaves conformed to the better tolerance of Blue Silver than 7-Cerros as
the relationship between salt tolerance and K* : Na' ratio has been indicated by a

number of workers (see Rashid, 1986; Wolf et ai. , 1991).

CO, assimilation and transpiration rates

CO, assimilation rate was significantly lower under all the stresses compared with
control, although the differences between the stress treatments were non-significant
(Table 6). RHypoxia did not reduce CO, accumulation rate significantly in the
individual varicties under both non-saline and saline conditions. On the other hand,
salinity significantly decreased CO, assimilation rate in 7~-Cerros under saline and
saline hypoxic conditions, and this was significantly lower than in Blue Silver under

comparable conditions.

All the stresses caused a significant reduction in the stomatal conductance (Table
7) the maximum reduction was observed under the saline-hypoxic treatment and was
of the same order in both the varieties (83.6 and 85.4 % in Blue Silver and 7-Cerros,
respectively). It was interesting to note that stomatal conductance decreased to a

higher extent than the decrease in CO, assimilation rate in the stress treatments.

Blue Silver showed a significantly lower transpiration rate under the saline-hypoxic
treatment compared with the control (non-saline aerobic) (Table 8). However, 7-
Cerros did not show any significant difference in transpiration rate in stress

treatments. Blue Silver had a significantly higher transpiration rate than 7-Cerros
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under saline aerobic condition. The combined stress of salinity and hypoxia
depressed CO, assimilation rate, transpiration rateand stomate' conductance. Under
saline and saline-hypoxic conditions, Biue Silver showed significantly higher rates
of CO, assimilation and transpiration (saline) than 7-Cerros, indicating a more
successful produétion of photosynthates and hence the ability to generate tolerance

against the dual stress of salinity and hypoxia.

Specific enzymes

Hypoxia significantly increased the activity of LDH under both non-saline (both
varieties) and saline (Blue Silver only) conditions (Table 9). Salinity, on the other
hand, significantly increased LDH activity of under aerobic conditions (both
varieties) but had no significant effect under hypoxic conditions. In general, LDH
activity in the wheat root was more due tc hypcoxia than salinity. Blue Silver showed

significantly higher LDH activity in the roots compared with 7-Cerros under saline

hypoxic treatment only.

Hypoxia had a non-significant effect on ADH activity under both non-saline and
saline conditions (Table 10). Salinity, on the other hand, significantly decreased the

activity of ADH under both aerobic and hypoxic conditions.

Comparison of the varieties for root ADH activity under different treatments
indicated that under both the aerobic conditions (non-saline and saline), there was
no significant difference between the varieties, but under both the hypoxic
conditions, 7-Cer'ros showed significantly higher ADH activity than Blue Silver.
Under hypoxia, the mode of respiration is changed from aerobic to anaerobic. Under
anaerobjc respiration pyruvate, the end-product of glycolysis, can be converted

into ethanol or lactate and NAD' is regenerated which can help to continue

/5



glycolysis. The enzymes involved in these reactions are alcohol dehydrogenase
(ADH) and lactate dehydrogenase (LDH), respectively. In theory flood tolerance of
a number of herbaceous species is related to the capacitv . avoid the generation of

putentially toxic ethanol at the end of the glycolytic pathway (Crawford, 1967).

Hypuxia significantly increased the activity of LDH under both non-saline and saline
conditions in Blue Silver which had significantly higher LDH activity than 7-Cerros
under saline hypoxic stress. Although the differences were non-significant, ADH
activity showed a decreasing tendency in Blue Silver under both saline and non-
saline conditions, while in the case of 7-Cerros it increased. Comparison of the
varieties under hypoxic conditions showed a significantly higher activity of ADH in
the roots of 7-Cerros than that of Blue Silver indicating the adverse effects of the
alcohol that might be accumulated as a result of higher ADH activity. The results
suggest that LDH was the preferred pathway in responding to hypoxia in these
cultivars, and indicate that Blue Silver can adapt to hypoxic conditions better than
7-Cerros as conversion of pyruvate into lactate was dominant over the ethanol
production. It was expected that in the case of 7-Cerros the pathway was shifted
more towards the production of ethanol than Jactate and possibly this ethanol became
toxic to the root cells. The adverse effects of ethanol under flooded conditions have
been mentioned by Fulton and Erikson (1964), Cra'vford (1967) and Smith and
apRees (1979). Nevertheless, contrary to these fiudings, rice and the relatively
flood-tolerant winter wheat and rye synthesize appreciable amounts of ethanol under

anaerobic conditions (Bertani et al., 1980).

Root anatomy
Information on the effect of hypoxia on the aerenchyma formation in wheat under

saline and non-saline conditions is presented in Figure 2 and the sketched diagram

i0
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in Figure 3. As these are individual values, although developed from five to seven
observations, statistical analysis was not possible. No aerenchyma were observed in
any variety under aerobic conditions (non-saline or saline). In Blue Silver, the
extent of aerenchyma increased from the root-shoot junction (17.6%) towards the root
tip (35.2%) under hypoxia alone. Under saline hypoxic conditions the trend was
somewhat different as the maximum extent of the aerenchyma (22.2%) was observed
in the middle portion of the root. In the case of 7-Cerros the cross-sectional area of
root occupied by aerenchyma, generated under hypoxia, decreased from the root-

shoot junction towards the root tip under both non-saline and saline conditions.

Under saline-hypoxic treatment the extent of the aerenchyma was again at a maximum
near the root-shoot junction in 7-Cerros and decreased towards the tip, while in
Blue Sjlver the maximum cross-sectional area of aerenchyma was observed at the
middle of the root and decreased towards both, root tip and the root-shoot junction.
In general, the development of aerenchyma vsas more pronounced in Blue Silver at

the middle of the root and near the root tip than in 7-Cerros.

In many wetland species e.g. rice and beetle grass, the development of
aerenchymatous tissue, which arises by cell separation or by partial breakdown of
the cdrfex, provides continuous gas-filled lacunae. The formation of aerenchyma is
under genetic control in wetland species but restricted aeration can encourage
further increase in the internal porosity of the roots. In many non-wetland
herbaceous species aerenchyma may also develop in response to hypoxia in especially
adapted roots (Trought and Drew, 1980). These roots functionally replace the

original root system which is inhibited by the lack of oxygen.

11
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The first adverse effect of hypoxia occur on the root tips as these are the tissues
farthest from the shoot and the oxygen supply. At the same time the oxygen
requirement of the apical meristem tissue is 25 times higher than the root cortex
(Webb and Armstrong, 1983) because of the maximum bjochemical activity of the

apical meristematic region.

The relative distribution of aerenchyma in various parts of fhe root indicated a fast
radial leakage of O, but an impeded longitudinal diffusion in 7-Cerros s 50 very little
O, reached the meristematic tissues. On the other hand, in Blue Silver it may be
bypothesized that sufficient O, may be reaching the meristematic tissues so that o,
supply might not be a limiting factor as in 7-Cerros. These findings are in agreement
with the mechanisms found by other workers (Armstrong, 1979; Trought and Drew,
1980) who repor-ed that the concentration of O, reaching the apical meristem depends
on the diffusion pathway length from the aerial parts, the extent of aerenchyma, the
respiratory use of O, and radial leakage. In these studies the root growth ceased

when the internal O, partial pressure declined to 0.03 - 0.05 atmosphere (Jackson ’

1982).

Conclusion
Tolerance to salinity and hypoxia in wheat was related to ionic relations (the greater

the accumulation of K* and K*:Na' in the tissue sap, the higher was their tolerance) ,
biochemistry of roots (a higher level of LDH and a lower levei of ADH was associated
with better tolerance to hypoxia) and root anatomy (better aerenchyma development

in the root meristem was related to better tolerance to hypoxia).

Nevertheless, it appears that root anatomy in terms of aerenchyma development was

the overriding factor in increasing tolerance to hypoxia, while the better LDH/low

12



ADH activity and control over Na*’ accumulation were probably secondary effects of

increased O, supply to the root through the aerenchyma.
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Table : 1

Effect of hypoxia x salinity interactions on fresh weight of shoot (g plant™) in two wheat varieties.

Varieties Control Hypoxic #Saline #Saline hypoxic
Blue Silver 8.31** 5.15 °, 1.92° 1.30 ¢,
7-Cerros 8.51* 3.39% 1.27° 0.91 °
Mean 8.41 A 4.27 B 1.59 C 1.11C

# 100 mel m™ NaCl + 10 mol m™? CaCl,

*n=20

Mean values followed by different letters differ significantly
according to Duncan's Multiple Range Test (P = 0.05)

Letters in superscript indicate the differences among means in rows
while in subscript indicate the differences between means in columns.
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Table: 2

Effect of hypoxia x salinity interactions on fresh weight of root (g plant™) in two whest varieties.

Varieties Control Hypoxic #Saline #Saline hypoxic
Blue Silver 1.62* 1.73 °, 0.48 " 0.48 "
7-Cerros 1.59 ° 1.12° 0.40°¢ 0.37 %
Mean 1.61A 1.42A 0.44B 0.43 B

# 100 mol m™ NaCl + 10 mol m™? CaCl,

*n=20

Mean values followed by different letters differ significantly
according to Duncan's Multiple Range Test (P = 0.05) .
Letters in superscript indicate the differences among means in rows
while in subscript indicate the differences between means in columns.



81

Table: 3

Effect of hypoxia x salinity interactions on Na* (mol m™*) ;a different leaves in two wheat varieties.

A: The youngest fully expanded Ieaf.

Varieties Control Hypoxic #Saline #Saline hypoxic
Blue Silver 1.78°% 1.85 29.49° 147.68
7-Cerros 2.21°¢ 4.88 ° 69.10 °, 151.36 *

Mean 1.99 C 3.37C 49.29 B 149. 2 A

B: The second youngest leaf,

Varleties Control melc #Saline #Saline hypoxic
Blue Silver 4.83%° 3.72 41.98 'b 163.59
7-Cerros 3.28° 6.94° 86.57 °, 172.16 *

Mean 4.05 C 5.33C 64.27 B 167.87 A

C: The third youngest leaf.

Varieties Control meic #Saline #Saline hypoxic
Blue Silver 6.89% ° 6.65 59.00 "b 185.92
7-Cerros 5.08 ° 8.30 ° 133.27° 197.42*

Mean 5.99 C 7.48 C 96.13 B 191.67 A

# 100 mol m™ NaCl + 10 mol m™ CaCl,
*n=20

Mean values followed by different letters differ significantly
according to Duncan's Multiple Range Test (P = 0.05)

Letters in superscript indicate the differences among means in rows
while in subscript indicate the differences between means in columns.
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Table: 4 Effect of hypoxia x salinity intersctions on K* (mol m

A: The youngest fully expanded leaf.

%) in different leaves in two wheat varieties.

according to Duncan's Multiple Range Test (P = 0.05)

Varieties Control Hypoxic #§&_li£$ #Saline hypoxic
Blue Silver 216.3% 204.0 256.7 216.3
7-Cerros 196.0 " 187.7 ® 244.7° 187.9°
Mean 206.1 B 195.9 B 251.2 A 202.1 B
B: The second youngest leaf.
Blus Sitver  boper U 5.8 Jie. 17 eosle
7-Cerros 183.0 *° 171.1% 196.6 °, 164.3 °,
Mean 191.9B 179.6 C 223.2 A 190.2 B
C: The third youngest leaf.
Blue Sifver  Toigmt e $.07 20,55 reexie
7-Cerros 160.6 * 149.5 *° 162.3 °, 147.1°
Mean 170.8 B 155.5 C 88.2 A 173.8B

# 100 mol m™ NaCl + 10 mol m™ CaCl,

*n=20

Mean values followed by different letters differ signific atly

Letters in superscript indicate the differences among means in rows
while in subscript indicate the differences between means in columns.
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Table: 5

Effect of hypoxia x salinity interactions on K*:Na* ratio in different leaves in two wheat varieties.
A: The youngest fully expanded leaf.

X!lllgegi?:er f ;(;l*m: : ?21 gnxic §+S‘?‘£ s;-Sglg:xe fypoxic
7-Cerros 98 41" 4°, 1.4°
Mean 112 A 81 B 7C 1.6 C
B: The second youngest leef.
N =
7-Cerros 61" 25 ° 3¢, 1.1°5
Mean 52 A 40 B 6C 14C
C: The third youngest leaf.
e
7-Cerros 34° 18° 2° 0.9
Mean 30 A 22 B 4C 1.1D

# 100 mol m™ NaCl + 10 mol m™ CaCl,

*n=20

Mean values followed by different letters differ significantly

according to Duncan's Multiple Range Test (P = 0

Letters in superscript indicate the differences among means in rows
while in subscript indicate the differences between means in columns.
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Table: 6 I'ifect of hypoxia x salinity interactions on CO, assimilation rate (1 mol m™? s!)of two wheat

varieties.
Varieties Control Hypoxic #Saline #Saline hypoxic
Blue Silver 12.60 * 10.72 11.51 ‘8.83 ™
7-Cerros 15.04 * 10.48 *° 9.48 ™ 6.95 °
Mean 13.82 A 10.60 B 10.50 B 7.89 B

# 100 mol m™ NaCi + 10 mol m™ CaCl,

*n=2
Mean values followed by different letters differ significan.ly
according to Duncan's Multiple Range Test (P = 0.05)

Letters in superscript indicate the differences among means in rows
while in subscript indicate the differences between means in columns.
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Table: 7

Effect of hypoxia x salinity interactions on stomatal conductance (mmol m™? 87') of two wheat
varieties.

Varieties Control Hypoxic #Saline #Saline hypoxic
Blue Sitver 539.0 ** 259.3 *°, 188.3 *, 88.3 "
7-Cerros 564.3 * 391.3 ** 119.3 % 82.3 "
Mean 551.7 A 325.3B 153.8 BC 85.3 C

# 100 mol m™ NaCl + 10 mol m™ CaCl,

*n=2
Mean velues followed by different letters differ significantly
according to Duncan's Multiple Range Test (P = 0.05)

Letters in superscript indicate the differences among means in rows
while in subscript indicate the differences between means in columns.
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Table: 8

Effect of hypoxia x salinity interaction on Transpiration rate (mmol ms™?) of two whes? varietieg.

Varieties Control Hypoxic #Saline fiSaline hypoxic
Blue Silver 51.67 ** 35.00 *° 48.67 *°, 31.67°
7-Cerros 41.67 34.00 33.33 31.33 ™
Mean 46.87 A 34.50 B 41.00 AB 31.50 B

# 100 mol m™ NaCl + 10 mol m™ CaCl,

*n=2
Mean values followed by different letters differ significantly
according to Duncan's Multiple Range Test (P = 0.05)

Letters in superscript indicate the differences among means in rows
while in subscript indicate the differences between means in cclumns.
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Table 9

Effect of hypoxia x salinity interactions on LDH activity (IU mg protein™) in root of two wheat

varieties.

Varieties Control Hypoxic #Saline #Saline hypoxic
Blue Silver 0.23 °* 0.53 *° 0.41° 0.62 %
7-Cerros 0.18° 0.49 ° 0.40 ® 0.54 %

Mean 0.21C 0.51 A 0.41 B 0.58 A

# 100 mol =™ NaCl + 10 mol m™? CaCl,

*n=2
Mean values followed by different letters differ significantly
according to Duncan's Multiple Range Test (P = 0.0%)

Letters in superscript indicate the differences among means in rows
while in subscript indicate the differences between means in columns.
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Table 10

Effect of hypoxia x salinity interactions on ADH activity (IU mg protein™) in root of two wheat
varieties.

Varieties Control Hypoxic #Saline #Saline Hypoxic
Blue Silver 3.8 °* 3.3 2.3° 2.2°
7-Cerros 3.9 4.4° 2.8°¢ 3.4

Mean 3.85 A 3.85 A 2.55 B 2.80 B

#1100 mol m™ NaCl + 10 mol m™ CaCl,

*n=2
Mean values followed by different letters differ significantly
according to Duncan's Multiple Range Test (P = 0.05)

Letters in superscript indicate the differences among mesans in rows
while in subscript indicate the differences between means in columns.
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ABSTRACT

Salinity and waterlogging are probably the most important agricultural problems of
the irrigated areas of the world. The effect of these stresses can be mitigated by
selecting and/or developing salt tolerant plant species and genotypes of cultivated
crops. Wheat exhibits genotypic differences in tolerance to salinity but such
differences in response to hypoxia have not been much explored. The response of
five wheat genotypes (lines/varieties) to hypoxia and moderate salinity alone and in
combination were studied in solution culture (shoot growth, root growth, tillering
cap;lcity and jonic relations) and sofl culture (tilleriug capacity and grain yield).
Significant differences among the genotypes were recorded for salinity, hypoxia and
the combined stress; the variety Pb-85 being the most tolerant and 7-Cerros being
the most sensitive one to all stresses. This trend existed for shoot growth (solution
culture) and grain yield (soil culture). The overall trend in solution culture for
shoot growth had a positive correlation with grain yield in soil culture. However,
salinity had mnre adverse effect than hypoxia on shoot fresh weight in solution
culture while the opposite was true for grain yield in the soil culture. Plant growth
was negatively correhtéd with the Na' and CI" concentration in the sap of the

Yyoungest fully expanded leaf while K* was not correlated with grain yield.

INTRODUCTION
Salinity and waterlogging are amongst the most prominent problems facing
agriculture in the irrigated areas of the world, but most of the agricultural crops

tolerate only moderate levels of salinity and hypoxia. Superimposing waterlogging
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over salinity further reduces crop yield below the reduction due to salinity alone.
In dense saline as well as in saline-sodic soils with low water permeability, crops face
surface ponding (or temporary waterlogging) at the time of flood irrigation or after
heavy rain and this proves very injurious to crop yield.

Wheat is an important crop of such lands in Pakistan but is poorly adapted to
waterlogged conditions compared with rice and other hygrophytes. It has relatively
poorly developed aerenchyma or bjochemical mechanisms for efficient anaerobic

metabolism such as described by Crawford (1966).

Utilization of salt-affected soils through growing crops or varieties tolerant to stress
is a relatively new idea. Many workers are engaged in screening and breeding wheat
varieties tolerant to salinity stress (see Kingsbury and Epstein, 1984; Shannon,
1985; Qureshi et al., 1990), but much less work has been reported on the response

of wheat to hypoxia and combined hypoxia and salinity stress (see Barrett-Lennard,

19886).

Wheat genotypes exhibit differences in ionic relations which are related to salt
tolerance (Rashid, 1986) and such differences may be under genetic control (Salam,
1983) . Such detailed information is lJacking with respect to tolerance to waterlogging.
Results are reported here regarding the response of 5 wheat genotypes (varieties
and lines) to salinity, waterlogging and their combination. The selected varieties
may be used directly on the lands faced with these problems or may be studied

further to determine the mechanisms involved in tolerance against these stresses.



MATERIALS AND METHODS

The experiment was conducted in two growth media, solution culture and soil
culture. The 4 treatments in both te cases were: non-saline aerobic, non-saline
hypoxic, saline aerobic and saline hypoxic and these were applied to five wheat
varieties or lines, Blue Silver, Tchere T, 7-Cerros, SARC-1 and Pb-85, in a net
houe with glass roof. Ther was no control over temperature, humidity or light
intensity, and only protection from bird attack was required. In the solution
culture, seedlings were grown in gravel by applying canal water (EC 0.25 dS m™?)
for irrigation. At the two leaf stage, they were transplanted into the holes in a
thermopal sheet floating on modified Phostrogen (a 10-10-27 blend of NPK fertilizer
containing 1.3% Mg?*, 0.4% Fe® and 200 ppm Mn?**, used @ 1 g L™ and micronutrients
as is used in Hoagland's solution) solution (Phostrogen Limited, Corwen, UK.). Each
variety was repeated in five holes and every hole had two plants. Two days after
transplanting salinity was developed stepwise by adding 25 mol m™ NaCl + 2.5 mol m™?
CaCl, daily for four days (final salinity 100 mol m™* Ne.Cl + 10 mol m™? CaCl,). The pH
of the solution was maintained daily between 6.0 and 6.5 with HCI or NaOH solution.
Hypoxic conditions were developed in two tubs (one non-saline and one saline) by
stopping aeration and sealing the surface with a polythene sheet to minimize air
contact with the solution on the day after the required salinity level was attained.
Sclutions were replenished the first time after a fortnight and then ‘-eekly. Four
weeks after the saline-hypoxic stress was imposed, the plants were harvested and
data for physical parameters were recorded. The youngest fully expanded leaf of
each plant of each variety was preserved at freezing temperature for extraction of
tissue sap. The sap was diluted and Na' and K* were determined by means of a
flamephotometer (Jenway PFP 7) while CI” was determined on a chloride analyser
(Corning 925).
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In the soil culture, 60 plastic pots were each filled with 5 kg of soil. The soil was
deficient in N and P, while pHs was 8.5 with ECe 1. 25 dS m™*. The pots were grouped
according to the treatments as in the case of the solution culture. NaCl was mixed
with the soil for the saline treatments in order to obtain an ECe of 12.5 dS m™?. Seeds
were sown when the soil was at field capacity. After seedling establishment three
uniform plants were left in each pot to mature. Waterlogging stress was applied
before the tillering ‘stage by applylag excess water, so that water stood on the
surface of the soil. This stress was continued until ear formation, after which it was

relieved. At maturity, grain yield and number of tillers were recorded.

Both experiments were laid out as completely randomised designs. The data were
analysed statistically using MSTATC (Crop and Soil Sciences Department, Michigan
State University), and significant differences between treatments (P<0.05) obtained

using Duncan's Multiple Range Test.

RESULTS

Plant growth (Solution culture)

Salinity and hypoxia individually as well as in combination significantly decreased
the shoot fresh weight compared with the control (Table 1). Hypoxia caused a mean
reduction of 33 % in the shoot fresh weight, and salinity showed a reduction of 71 %
while a 74 % reduction was observed due to their combination. This indicated that the
effects of salinity and hypoxia were non-additive on the fresh weight of tha shoot in

wheat.

Under hypoxic and saline-hypoxic treatments 7-Cerros preduced the lowest relative
(26.9 and 13.8 % of control, respectively) and absolute shoot fresh weights, while

Pb-85 gave the maximum values for these parameters. Under the saline treatment



Tchere T had the lowest relative shoot fresh weight and 7-Cerros the lowest absolut
shoot fresh weight, while Pb-85 had the highest relative and absolute shoot fres}

weights.

Root fresh weight was also significantly reduced by salinity, hypoxia and thefr
combination compared with the control (Table 2). Here again the effects of salinity
and hypoxia were non-additive as hypoxia produced a reduction of 30 % and salinity
49 %, while their combination caused a reduction of 61 %. However, the effect of
salinity alone was less pronounced on root fresh weight than on the shoot fresh
weight. In all treatments Pb-85 produced the highest root fresh weight while 7-

Cerros showed the least root fresh weight.

Tillering capacity (Solution culture)

Tillering capacity was significantly reduced by salinity and hypoxia individually as
well as in combination compared with the non-saline aerobic treatment (Table 3).
Hypoxia under non-saline conditions significantly reduced the number of tillers per
plant but under saline conditions there was no significant increase in the number of

tillers per plant.

In soil culture, salinity decreased tillering capacity under both aerobic and hypoxic
conditjons and similarly hypoxia significantly decreased tillering capacity under both
non-saline and saline conditions (Table 4). Among the varieties Tchere T followed
by Pb-85 produced the highest and 7-Cerros the lowest mean number of tillers per
plant. Under all s.tress treatments 7-Cerros produced the lowest number of tillers
while Pb-85 produced the maximum number of tillers under both the hypoxic
conditions (non-saline and saline). However, in the saline aerobic treatment, Tchere

T produced the highest number of tillers per plant.

P



Grain yield

Grain yleld of wheat was significantly reduced by the imposition of hypoxia and
salinity both individually and in combination (Table 5). Under hypoxic treatments
(non-saline and saline) Pb-85 produced the highest grain yield and 7-Cerros the

lowest.

Ionic concentration

Salinity under aerobic as well as hypoxic conditions significantly increased Na* and
CI" concentrations in the youngest fully expanded leaf (Tables 6 & 7). Salinity and
hypoxia individually and in combination decreased the K* concentration in the
youngest fully expanded leaf (Table 8). Hypoxia significantly decreased the K*
concentration under non-saline conditions, while under saline condition the decrease
was non-significant. On the other hand salinity under both the conditions (aerobic
and hypoxic) significantly decreased the concentration of K' in the youngest fully
expanded leaf. Overall Pb-85 had the maximumand 7-Cerros the lowest concentration
of K' in the youngest fully expanded leaf. A similar trend was observed under the

two saline treatments (aerobic and hypoxic).

Discussion

The sensitivity of a crop plant to abiotic stress is usually manifested in reduced
plant growth. The relative shoot fresh weight of a particular wheat genotype under
salinity compared with the control (no stress) has been considered the best criterion
to determine the salt tolerance (Qureshi et al., 1990), while higher economic yield
under such adverse conditions is the ultimate goal (LeHouerou, 1986) . In this study
salinity and hypoxia both individually and in combination decreased the shoot fresh
weight compared with the respective controls in all cultivars but the extent of the

response was different in different varieties. It was apparent that salinity and
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hypoxia acting together caused damage in excess of that found with either salinity
or hypoxia alone, but the adverse effect of both the stresses was non-additive. This
is partly due to the fact that both the stresses acting individually, among other
things, caused a decrease in water uptake by plants, allowing osmotic adjustment
mechanisms to work. Thus superimposing one stress over the other did not

accentuate the adverse effects in a completely additive manner.

The effect of salinity and hypoxia on the above meniifoned growth parameters
indicated that genotypic differences existed in wheat in terms of response to these
stresses. Among the varieties Pb-85 showed the minimum relative reduction in
growth and therefore is considered relatively more tolerant to the stresses under
study while 7-Cerros was found sensitive as it showed the maximum reduction in
growth due to the stresses. The other varieties were intermediste. A similar pattern
was observed on the basis of grain yield. However, the severity of damage by
hypoxia in terms of grain yield was much higher than that to shoot fresh weight,
root fresh weight and tillering capacity. Grain yield was reduced by 90.9 % by
hypoxia, 41.6 % by salinity and 97.S % by the combined stress of salinity and hypoxia
in the soil culture while, under similar conditions in the solution culture, the
reductions in shoot fresh weight were 33, 71 and 74 %, respectively. This indicated
that salinity had more adverse effects than hypoxia on shoot fresh weight in solution
culture. In contrast, in the soil culture, hypoxia produced more drastic effects on

grain yield than salinity.

Exposure of plant roots to salinity and hypoxia reduces transpiration which may
affect the supply of ions to the growing apex of stressed plants., It is well
established that under saline waterlogged conditions, many plants take up Na* and

CI” to the shoot at increased rates, and that this may lead to shoot senescence and

5%



adverse effects on shoot growth (Barrett-Lennard, 1986). Such a response could be
related to the increased permeability for Na'intake and decreased selectivity against
Na’ at root membrane level due to decreased energy available because of depressed
aerobic respiration. Although it may be argued that reduced transpiration will
reduce Na' transport to the leaves, it is assumed that the net balance may still recult
In increased Na‘ accumulation in leaves. Our results suggested that the variety (Pb-
85) taking up the least amounts of these toxic ions was relatively tolerant to this
stress. The relationship between grain yield in the soil culture and growth
parameters (shoot fresh weight, root fresh weight and tiller number of five wheat
varieties grown in solution culture) showed a significant positive correlation (Table
6). On the other hand the concentration of toxic ions (Na‘ and CI7) in the youngest
fully expanded leaf showed a significant negative correlation with grain yield.
Potassium concentration in the leaf was not significantly correlated with grain yield.
The ion concentrations in the youngest fully expanded leaf also showed similar

correlations with shoot fresh weight.

A variety tolerant to salinity generally maintains better selectivity for K* over Na*
(Gorham, 1990). This process requires biochemical energy which is deficient under
hypoxic conditions so that the uptake of K' is disturbed greatly under hypoxic
conditions. In the present study, the varieties Blue Silver, Tchere T and 7-Cerros

showed better control over K' selectivity under saline-hypoxic conditions.
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Table 1. Effect of salinity (100 mol m™> Na Cl + 10 mol g}"
CaCl,) and hypoxia on shoot fresh weight (g plant™)
(solution culture).

Non-saline Saline

Varieties Aerobic Hypoxic Aerobic Hypoxic

Blue Silver 26.75 ab 16.32 cd 6.58 e-h 5.01 fgh

Tchere T 32.47 a 11.30 d-g 4.68 fgh 6.85 e-h
7-C=rros 17.30 cd 4.65 fgh 4.29 gh 2.38 h
SARC-1 21.43 bc 17.61 cd 6.00 fgh 5.01 fgh
Pb-85 25.87 ab 32.84 a 14.24 cde 12.92 def
Mean 24.76 A l6.55 B 7.16 C 6.43 C

Mean values followed by different letters differ
significantly according to Duncan's Multiple Range
Test (P = 0.05)
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Table 2. Effect of salinity (100 mol m™> Na Cl + 10 mol g{’
CaCl,) and hypoxia on root fresh weight (g plant )
(solution culture).

Non-saline Saline

Varieties Aerobic Hypoxic Aerobic Hypoxic

Blue Silver 10.32 bc ' 7.14 ef 4.64 e-h 2.68 gh

Tchere T 13.84 a 6.44 def 4.36 e-h 4.81 e-h
7-Cerros 9.29 cd 4.01 fgh 3.54 fqh 1.73 h
SARC~-1 10.87 bc 8.91 cd 4.92 efg 3.51 fgh
Pb-85 11.58 abc 12.48 ab 10.80 bc B.95 cd
Mean 11.18 A 7.79 B 5.65 C 4.34 D

Mean values followed by different letters differ
significantly according to Duncan's Multiple Range
Test (P = 0.05)
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Table 3. Effect of salinity (100 mol m™ Na Cl + 10 mol m
CaCl,) and waterlogging on number of tillers plant
(solution culture).

Non-saline Saline

Varieties Aerobic Hypoxic | Aerobic  Hypoxic

Blue Silver 7.2 bc 4.8 de 2.2 £ 2.2 £

Tchere T 8.6 b 6.0 cd 1.8 £ 3.2 ¢

7-Cerros 7.0 bc 2.6 £ 1.8 £ 2.0 £

SARC-1 7.6 bc 6.2 cd 2.6 ¢ 2.0 £

Pb-85 13.2 a 15.2 a 7.8 bc 8.0 bc

Mean 8.72 A 6.96 B 3.24 C 3.48 C

Mean values followed by different letters differ
significantly according to Duncan's Multiple Range
Test (P = 0.05)
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Effect of salinity (100 mol m> Na C1 + 10 mol m”’

Table 4. N
CaCl,) and waterlogging on number of tillers plant
(soii culture).

Non-saline Saline

Varieties Aerobic Hypoxic | Aerobic  Hypoxic

Blue Silver 3.78 cde 2.67 d-h 2.89 d-g 0.56 j

Tchere T 5.56 a 3.56 c-f 5.22 ab 1.45 hij

7-Cerros 4.00 bcd 2.44 e-i 1.33 hij 0.22 j

SARC-1 3.45 def 4.00 bed 2.33 f-4 1.22 {j

Pb-85 4.89 abc 5.22 ab 2.56 e-1 2.00 ghi

Mean 4.33 A 3.58 B 2.87 C 1.09 D

Mean values followed by different letters differ
significantly according to Duncan's Multiple Range

Test (P = 0.05)
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Effect of salinity (100 mol m™ Na Cl + 10 mol m”

Table 5. z
CaCl,) and waterlogging on grain yield (g pot 1)
(soii culture).

Non-saline Saline

Varieties Aerobic Hypoxic | Aerobic Hypoxic

Blue Silvex 15.17 ¢ 1.14 h 8.96 ef 0.00 h

Tchere T 12.61 d 0.37 h 12.21 d 0.00 h

7-Cerros 16.70 bc 0.02 h 6.89 £ 0.00 h

SARC-1 19.48 a 2.03 gh 9.67 e 0.23 h

Pb-85 18.59 ab 3.93 g 10.53 de i.BE4 h

Mean 16.51 A 1.50 C 9.65 B .33 D

Mean values followed by different letters differ
significantly according to Duncan's Multiple Range
Test (P = 0.05)
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Effect of salinity (100 mol m Na Cl + 10 mol m™

Table 6.
CaCl,) and water}ogging on Na' concentration in the
leaf’ sap (mol m~) (solution culture).
Non-saline Saline
Varieties Aerobic Hypoxic | Aerobic Hypoxic

Blue Silver

6.48 £ 6.62 £ 46.43 cde 131.25 a

Tchere T 10.93 £ 6.32 £ 60.41 ¢ 92.27 b
7-Cerros 3.34 £ 8.06 £ 60.61 ¢ 143.05 a
SARC-1 6.45 £ 6.37 £ 52.78 cd 116.63 ab
Pb-85 7.85 £ 8.26 £ 17.29 ef 25.48 def
Mean g8.01 C 7.13 C 47.50 B 101.74 A

Mean values followed by different letters differ
significantly according to Duncan's Multiple Range
Test (P = 0.05)
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Table 7. Effect of salinity (100 mol_m'J Na Cl + 10 mol m™
CaCl,) and.gaterlogging on Cl1 concentration in leaf
sap ?mol m~) (solution culture).

Non-saline Saline

Varieties Aerobic Hypoxic Aerobic Hypoxic

Blue Silver 28.8 e 29.8 e 88.6 cd 180.0 a

Tchere T 23.4 e 16.8 e 8l1.4 d 142.4 ab
7-Cerros 17.4 e 21.4 e 93.5 cd 182.2 a
SARC-1 18.8 e 22.0 e 79.4 d 126.2 bc
Pb-85 25.0 e 24.2 e 53.8 de 54.2 de
Mean 22.7 C 22.8 C 79.3 B 137.0 A

Mean values followed by different letters differ
significantly according to Duncan's Multiple Range
Test (P = 0.05)
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Effect of salinity (100 mol m™> Na Cl + 10 mol m™

Table 8. A
CacCl)) and_yaterlogging on K concentration in leaf
sap ?mol m~) (solution culture).

Non-saline Saline

Varieties Aerobic  Hypoxic | Aerobic Hypoxic

Blue Silver 201.6 a - 107.7 ¢ 57.2 £fg 102.8 e

Tchere T 173.4 bc 152.2 cd 54.4 fg 48.99 fg

7-Cerros 169.7 bed 172.2 bc 41.3 g 47.3 g

SARC-1 158.7 bed 176.7 b 114.8 e 49.0 fg

Pb-85 210.5 a 162.0 bed 150.0 d 69.5 £

Mean 182.8 A 154.1 8 83.5 C 63.5 C

Mean values followed by different letters differ
significantly according to Duncan's Multiple Range

Test (P = 0.05)
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Table 9. Relationship between grain yield and ionic
. concentration in the 1leaf tissue and growth
parameters of five wheat varieties grown under
saline-hypoxic condition.
Variables Intercept Slope Correlation Probability
coefficient
G.Y. vs. SFW -0.64 0.154 0.910 0.019
G-Y- VS. RFW -0059 00218 0-916 00017
G.Y. vs. Till -0.51 0.250 0.959 0.004
G.Y. vs. Na' 1.69 -0.013 -0.911 0.019
G.Y. vs. K’ 0.19 0.003 0.092 0.881
G.Y. vs. C1° 1.99 -0.012 -0.929 0.012
SFW vs. Na' 176.53 -11.625 -0.987 0.000
SFW vs. K’ 57.03 1.008 0.168 0.783
SFW vs. Cl1° 215.35 ~12.177 -0.924 0.014

G.Y. = Grain yield in soil culture

SFW = Shoot fresh weight in solution culture
RFW = Root fresh weight in solution culture
Till = Number of tillers in solution culture
Na’, K' and C1” concentration in solution culture
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Production and evaluation of salt~tolerant wheat germplasm derived
through crosses between wheat (Triticum aestivum L.) and Aegilops
cylindrica I. Production of salt-tolerant wheat germplasm.
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Abstract

To produce salt-tolerant wheat germplasm through wide
hybridization, eight different salt-tolerant accessions of Ae.
cylindrica were crossed with three hexaploid wheat cultivars: Pak-
81, LU-26, and Shalimar-88. Frequency of seed set ranged between.
1.72% (Shalimar-88 x Ae. cylindrica acc 38-53) and 52.6% (Pak=-81 x
Ae. cylindrica G.). The perforhance of whea£ cultivars LU-26 and
Shalimar-88 as female parent for F, hybrid production was poor.
Frequency of BC; seed production ranged between 0.53% (Pak-81 x Je.
cylindrical/ iqizs) and 8.92% (Shalimar-88 x Ae. cylindricé// LU- .
26), BC; plaht;”with different chromosome numbers were selfed to
produce BC;F; derivatives. Seven BC; combinations produced selfed
seeds ranging between 1 and 200. Six BC; combinations did not
produce selfed seeds and were backcrossed again with LU-26 to
Produce BC,; seeds, which ranged between 1 and 12 .seeds per BC;
combination. Of the 3G different BC, seeds pré&ﬁced in different

combinations, only 19 produced BCyF; selfed seeds. All the BCpF; and
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- BC1Fp seeds were tested for germination under saline solutions of EC
2.5 (control) 15, 20, and 25 dS/m. The effects of salinity on root
and shoot length and seegling fresh weight were also recorded. In
all the test material, salinity induced reduction and delay in seed
germination; reduction in shoot and root length and in seedling
fresh weight was observed with considerable variation among
different salinity levels and among different genotypes at one
salinity level. The results have been discussed with reference to
the wide hybridization approach and its potential use in the
production cf genetic variability for polygenically controlled

characters such as salt-tolerance.

Introduction

Hexaploid wheat (Triticum aestivum) is reported as moderately
tolerant to salihity (Kingsbury and Epstein, 1982, 1984), with
adequate genetic variabkility for salt-tolerance (Qureshi et al 1980;
1985; Kingsbury and Epstein, 1984). However, intervarietal
differences in salt-tolerance in wheat gene;ally fall within a
narrow rang#'of EC 6-10 dS[m (Rana, 1986). Therefore, improvement in
the tolerance IEQel of cultivated wheat beyond this tolerance limit
may not be achieved through any varietal combination. However, such
tolerant germplasm has been produced by transferring salt-tolerance
genes from perennial and annual salt-tolerant wild wheatgrasses
(Dewey, 1960; McGuire and Dvorak, 1981; Farooq et al., 1988, 1989a)
to cultivated wheat. The transfer of salt-toleré;éé genes from
perennial wild wheatgrasses to cultivated wheat ﬂas generally been

achieved through production of amphiploids (Storey et al., 1985;"
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Foster et al., 1987) or addition lines (Dvorak et al. 1985; and
Farooq et al., 1993a), where as gene(s) from annual goat grass
species (Aegllops squarrqsa or Ae. cylindrica) are transferred
through direct crossing over between chromosomes of wheat and the
alien species (Farooq et al., 1992). Ssalt~tolerance evaluation of
the germplasm produced through crosses of wheat with Ze. cylindrica,
conducted under saline fields, indicated its sathtolerance
potential (Farooq et al., 1993b) and encouraged use cf other
identified salt-tolerant accessions of Ze. cylindriqa (Farooq et
al., 1989) as donors of salt-tolerance genefs) to cultivated
wheats. Results obtained during hybridization of these accessions

with cultivated wheats are beingy reported here.

Materials and Methods

Materials useé in this study comprised eight salt-tolerant
accessions of Ae. cylindrica (Farooq et al. 1989a), and three
different cultivars of hexaploid wheat, viz., Pak-81, LU-26, and
Shalimar-88. Plant material used in hybridization was planted in
plastic pots ‘in the net house in November 1990 (average day and
night temperatufé;zois 0C/10i5 0C, 8-10. hours natural light, and 50-
60% relative humidity). The pots were filled with 6 kg normal soil
to which nitrogen and phosphorus fertilizer was applied in the form
of ammonium nitrate and superphosphate in a ratio of 100:75 kg/ha
(Anonymous, 1993). At flowering, cultivated wheat varieties were
emasculated and pollinated with pollen from diffé;éht accessions of
4e. cylindrica. F; seeds were left on the plant a;d harvested at

maturity. F; hybrids, confirmed through mitotic cytology, were
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backcrossed with wheat cultivars Pak-81 and LU-26 ddring 1991-92.
Before backcrossing, immature spikes of all the F1 hybrid
combinations were fixed ip a mixture of alcohol, acetic acid and
chloroform (6:3:1). Acetocarmine squash preparutions were made and’
analyzed for the meiotic chromosome associ;tions at metaphase-I.
BC3; plants produced from different BC; seeds were selfed to
produce BCjFy self-fertile derivatives. Some of the combinations
that did not produce selfed seeds were again backcrossed with the
same wheat varieties to produce BCz seeds. All the BC; and Bc,
combinations that produced more than 100 selfed seeds were tested
for germination in petriplates lined with filter papers soaked in
artificially saline solutions of EC 2.5 (control), 15, 20, and 25
dS/m created by mixing NasSo,, MgClp, CaClp, and NaCl (Qureshi et
al., 1977) in a ratio of 10:1:5:4 in Hoagland nutrient solution
(Hoagland and Arr;n, 1950) . Five seeds per treatment per combination
were tested in three replications. Data on root length, shoot length
and seedling fresh weight were taken 2 weeks after seed germination.
After 2 weeks, seedlings were removed from the petriplates. They
were briefly washed in three changes of distilled water to remove
any salt crystalggattachéd on the leaf surfaces. The seedlings were
dried at 70 °c for 72 hours, ground, and digested with concentrated
nitric aci& (HNO3) . The concentration of X and Na in the digest was
analjzed by flamephotometer (Anonymous, 1954). All the data were
subjected to statistical analysis using Duncan's Multiple Range

Test.
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Results

Of the eight different salt-tolerant accessions of Ae. cylindrica
used as pollen sources, gnly six could be cFossed with wheat
cultivar Pak-81, three with Shalimar-88, and two with LU-26 (Table
1). Observed seed set in all the combinations ranged between 1.69%
(Pak-81 x Ae. cylindrica acc 21-87) and 52.6% (Pak-81 x Ae.
cylindrica acc G). As female parent in F1 hybrid production, LU-26 -
performed poorly as compared with Pak-81 and produced only two Fj
seeds.

Significant variations were observed in mean meiotic chromosomal
associations at metaphase-I in different hybrid combinations (Table
2). Minimum chiasma frequency (10.0/cell) was observed in the hybrid
of Pak-81 x Ae. cylindrica acc 50-42. Hybrids of Pak-81 with two
other accessions (50-43 and 21-87) showed significantly high chiasma
frequency (12.0/ée11) as compared with acceésion 50-42. Hybrids of
three wheat cultivars (Pak-81, LU-26, and Shalimar-88) with one
accession of Ae. cylindrica (38-53) also produced different chiasma
frequencies, with the maximum (16.0/cell) being observed in LU~26 x.
Ae. cylindrjca-acc 38-53.

All the Fl-hygfid combinations except Shalimar-88 x Ae.
cylindrica acc 39-55 produced backcross seeds which ranged between 1
and 15 seeds per combination. LU-26 showed excellent performance as
a backcross parent, producing 57 BC, seeds as compared with 16 in
the case of Pak-81 (Table 3). The F; hybrids of Shalimar-88 and ZAe.
cylindrica acc 34-35 did not produce seeds with»;lfher of the

backcross parents.
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Of the 73 BC; seeds, progenies of 25 seeds belonging to eight
different hybrid combinations produced selfed seeds, the number
ranging between 1 and 200 seeds per combination (Table 4). Progenies
of six BC; plants did not produce selfed seeds, but produced BCy
seeds upon second backcrossing (1-149 seeds per BC; progeny). Of the
261 seeds, only 6 produced BC; selfed seeds, with 4-150 seeds per
BC; combination (Table 4).

Considerable reduction coupled with delay in germination was
observed in all the combinations at four salinity levels. At EC 1%
dS/m and in some of the combinations at EC 20 ds/m, germination |
started after the third day and was complete within 24 hours. In
some of the comhinations at EC 20 and in all but one combination at
EC 25 dS/m, germination startéd aiter 8 days and was complete within
10 days (data not presented). Reduction in seed germination was
observed in all éhe test material at the three salinity levels. At
EC 20 and 25 ds/m, reduction in germination was higher in BC; than
in BC, derivatives (Figure 1a). In LU-26, reduction in germination
was the lowest at all salinity levels. In all the BC; and in one of
the BC; deriﬁatiyes, germination was higher as compared with salt-
sensitive Qheat?éultivar Pak-81 at all salinity levels.

Like seed germination, reduction in seedling fresh weight was
also observed. It was significantly higher (P < 0.05) in hybrid
derivatives than in wheat cultivars LU-26 and Pak-81, particularly
at EC 20 and 25 dS/m. Among the different hybrid derivatives,
seedling fresh weight was higher in BC, than inJﬁé{ derivatives

(Figure 1b).



Effects of salinity on root length and shoot length were also
observed in all the test material (Figures 2a and 2b). Between EC 15
and 20 dS/m, differences {n the root and shoot length of all the
tesc material were highly significant (P < 0.01), while between EC
20 and 25 ds/m, significant differences (P < 0.05) were observed
only for reduction in root length (Figure 2b). Root length and shoot
length of wheat cultivar Pak-81 (salt-sensitive parent) were higher
than in wheat cultivar LU-26 (salt-tolerant parent) at all salinity
levels.

Considerable differences were observed in the concentrations of
Na and K in all the combinations (Table 5). Na concentration in
salinized plants ranged between 15.00 (Pak-81; salt-sensitive wheat
parent) and 2.75 mg/g dry weight (LU-26; salt-tolerant wheat
parent). In all the hybrid combinations, Na concentration was in
between that of tge two parents and ranged between 3.5 and 13.25
mg/g dry weight. In three hybrid combinations: [(4(37-200), 2(1-200)
4(4-200)], K concentration in salinized plants was significantly
higher as compared with the nonsalanized control. The K/Na ratio
was higher in’the.plants growing under nonsaline conditions than in
those growing un&ér the saline conditions. ' However, in one hybrid
combination [4(37-100)] growing under saline conditions, the K/Na
ratio was higher than in wheat cultivar LU-26. Generally, in all the
hybrid derivatives and in salt-tolerant wheat cultivar LU-26 growing
under saline conditions, the concentration of Na was low and of K
high, while in salt-sensitive wheat cultivar Pak-é&l the
concentration of Na was high and of K low in saliﬁized plants (Table

5).
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Discﬁssion

In our earlier attempt at transferring salt-tolerance gene(s)
from salt-tolerant accession D of Ae. cylindrica, we found -
considerable crossability variations in different hybrid
combinations (Farooq et al., 1990a). In the present study,
crossability values for different wheat cultivars were of the same
order except for Shalimar-88, where crossability response was
similar to that of LU-26. Similarly, crossability variztions

observed in different accessions of Ae. cylindrica confirmed the

earlier findings of Sharma and Gili (1983) and Farooq et al. (1989a)

suggesting the presence of some crossability genes on Aegilops
species that affected their crossability with wheat varieties. In

tiie present study, efforts were made to synchronize the flowering

time of Ae. cylindrica and L. -26. Neverthless, crossability response

was low, which negates our earlier hypothesis (Farooq et al., 1989b)

that the poor crossability performance eof LU-26 with accessions of
Ae. cylindrica was due to nonsynchronization of flowering of LU-26

(early flowering) and Ae. cylindrica (late flowering). Thus there

are somne othe} factors operating in these crosses that have not yet

been identified. >

Considefably high chiasma frequency was observed at meiotic
metaphase-I in all the Fy hybrids, which indicated pairing between
genome chromosomes of Ae. cylindrica and of wheat. As reported
earlier (Farooq et al., 1992), this pairing signifies the transfer
of salt-tolerance gene(s) to wheat through the exchange of genetic
material, which is a stable transfer as compared w1th the transfer

~ of gene(s) achieved with amphiploids and/or addition lines. As

D
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expected, the hybrid of LU-26 with accession 38-53 produced maximum
chiasmata/cell, which confirmed our earlier report (Farooq et al.,
1990b) on the presence of'additional pairiné promotor gene(s) on LU-
26 that have not yet been identified. Differences in chiasma
frequency observed in hybrids of one wheat variety with different
accessions indicated that transfer of salt-tolerance gene(s) to
cultivated wheats can be enhanced if selecticns are made from alien
species that can produce maximum chiasmata.

Backcrossing is a routine procedure of advancing intergeneric
hybridization. In the present study, the frequency of backcross seed
production and of selfing in BC; seeds was low, which indicated
variation in the chromosome number of BC; combinations.

Reduced and delayed seed germination coupled with decreased
seedling growth due to salinity stress has been repdrted in many
Crop species (Abel and Mackenzie, 1964; Akber and Yabuno, 1974;
Puntamkar et al., 1970; Norylin and Epstein, 1984; Mozafar and
Goodin, 1986; and Azmi and Alam, 1990). In the present study also,
reductions in seed germination, root and shoot length, and seedling
fresh weight_%ere_observed in all the test material. The higher
values of seed géfmination and seedling fresh weight of LU-26 as
compared with BC; and BC, derivatives indicated that the newly
produced salt-tolerant material may not have higher salt-tolerance
than the tolerance level already existing in LU-26, while lower
values of root and shoot length of LU-26 as compared with BC; and
BCy; derivatives indicated higher level of tbleraﬁgé.of the hybrid
derivatives as compared with LU-26. As reported e;rlier (Kingsbury

and Epstein, 1984), salt-tolerance response at early growth stages
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is not an indication of the same response at later growth stages
therefore, it is possible that the salinity response of the test
material observed at seedl%ng stages may not remain the same at
later growth stages. Nevertheless, the results did show a
variability in salt-tolerance that needs to be examined at later
growth stages and under higher salinity levels.

In the present study, as mentioned earlier, three hybrid
combinations growing in saline medium exhibited significantly higher
concentrations of K as compared with the nonsaline control. This is
a rare observation and indicated the presence of K-Na discrimination
phenomenon in these genotypes. Since Na is known to compete with
potassium for the common absorption site, high potassium uptake can
result only if the inherent mechanism of the test material can
discriminate between K and Na and allow preferential uptake of the
former. As.reporteé by Gorham (1990), the K-Na discrimination factor
operates only at low salinities, while in the present study, this
factor seems to have been operational at EC 15 dS/m, which is not
very low for wheat. It would be good for breeding programs if the
expression of.K-Na.discrimination operating at seedling stages could
be detected duringithe screening of the same material at later
- growth stages, as selection for salt-tolerant plants would then be
possible at seedling stages using the K-Na discrimination factor as

a marker.
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~ 8ignificance of the Stuady:

This study indicated two findings that are important for plant
breeding programs aimed aF improveming polygenically controlled
traits such as salt tolerance.

First, the study establised the potential of a wide hybridization
approach for improving of salt-tolerance. This approach can be used
sucessfully in breeding programs, particularly when intervarietal
crosses fail to improve the prevailing stress situafion. Since salt-
tolerance is a polygenic trait, and the genes are scattered on
different chromosomes, identification and transfer of all the genes
to wheat is difficult. In ze. cylindrica, the salt tolerance seems
to be controlled by major gene(s) which can be transferred to wheat
through crossing over. In countries such as Pakistan where the
salinity problem is increasing at a rapid pace, the production of
salt-tolerant matérial through wide hybridization will be of twofold
significance: it can be tested in the field for selection of salt-
tolerant varieties, and it can also be used to derive salt-tolerant
germplasm, which is desperately needed in breeding programs.

The second “important finding of this study is the inheritance and
expression of thé&K-Na discrimination factor in hybrid derivatives.
This finding is of immense importance in practical breeding as it
helps avoid the absorption of extra Na in plants, a major cause of

yYield reduction under saline environments.
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Table |. Production of F\ bybrids between diferent wheat varieties and

various salt tolerant accessions of Aegilops culindrica.

Male Parent

hegilops cylindrica/
acceasion

Florets pollinated Seed Set

Fak-81 LU-26 Shalirsar  Pak-81 LV-26 Shaligar

legilops crlindrica 50-42
logilops crlindrica 50-43
deeilapa culinrica 36-53
teeilops celindrica 17-59
beeilops celindrica 42-61
degilops crlindrica 3-35
Aeeilops crlindrica 6

deeilons exlindrica 21-07

J36

9

118

H 0 136(35.7) 0 0

20 0 2180y 0 0
24 o H3.4) 14.2) 1LT)
0 0 180 6.6) 0 0

3 16 0 0 16.9)
0 2 | 0 0 1{4.9)
0 0 S1{82.6) 0 0

3% 0 dqLy 0 0

Figures in parenthesis are X seed set.

" BEST AVAILABLE DOCUMENT
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Table' 2. Hean meiotic chromosmal associations at molaphase-l of wheat cultivar Pak-0},
IV-26 aud Chalimar-03 with differcnt salt tolerant accessions of

Ae.cylindrica.
Yo.of  lo.of Hean peiotic association Keé/Coll
F1 Hybrid cosbinations plant cells
) analyzed amalyzed 1 I an 11 IV
Pak 81 x de.cylindrica 5 300 2100 400 3.00 0 0 10.00a
90-42 C
Pak 81 x e.cxlindrica 3 150 19.02 401 3.9 0 0 11.97b
50-43
Pak 81 x de.cylindrica B 600- 18.00 4,00 3.00 1.0 0 12.00b
- 21-87 : , :
Pak 81 x de.cylindrica L] 300 2000 35 400 0 0 11.5ab
38-53 '
Shalimar 88 x Ae.cylindrica b 400 2000 4.5 3.0 0 0 10.5
38-53
W0-26 x Ae.cylindeica 500 15.00 397 6.03 0 0 16.03¢
30-53

Figures followed by the sace letter are not slgnificantly different from each other at 5% le'vel of
aignificance according to DHRT.

BEST AVAILABLE DOCUMENT



Table 3  Production of backcross seeds in Fl hybrid conbinations of difforent
vheat varieties with various accessions of de.cylindrica.

Female Parent Florets pollinated Soed Set
(F1 corbination) with in
LU-26 Pak-81 IV-26  Pax-81
Pak.Bl x de.cylindrica 6. 330 184 15(1.8)  5(2.7)
Pak.81 x Aa.cylindrica 50-42 1580 180 1400.9)  2(2.1)
Pak.B! x Ae.cylindrica 50-43 130 132 1{0.5) 0
Pak.Bl x Ae.cylindrica 38-53 200 142 201y 10.M)
Pak.8) x de.cylindrica 34-35 3H 100 3(0.4)  2(2.0)
Shalimar-83 x de.cyl: 38-53 168 10 15(8.9) 0
Shalisar-88 x Ae.cxl: 34-35 ] 100 0 0
10-26 x de.cylindeica 50-43 186 186 10.5)  5(2.7)
LU-26 x he.cylindrica 3-53 302 k| 6(2.00 1(2.9)

Figures in parenthesis are % seed set.

BEST AVAILABLE DOCUMENT

L7



Table 4. rrequency of production of BCy solfed seeds. BCn seed and BCo selfed seeds in
different bybrid coabination of three cultxvara with various salt tolerant

accessions of Aa.cvlindrica.
ac Yoo
No.of Kange of  No.of  Hange of No.of  Range of
llybrid conbinations with pedigree cdabi-  selfed conbi- zeed/ sead selfed
nations seads/ nations BCI plant seeds/
cozbi- BC2
nation coabina-
tion.
Shalinar 83 /he.cxlindricas/L0 25 1 (4-65)
30-53 |
pak 81 /Me.cylindrica  //fak §1 5 (6-150)
50-42
Pat 81 /he.cxlisdrica 6 /0 26 4 (37-100)
Pak 81 /Ae.cylindrica  //LV-26 2 {1-200)
21-87
Pak 81 /Ae.cylindrica //Pak 01 1 (31 )
38-53
Pak 81 /Ae.crlindrica //Pak 81 1 (1)
: 50-40 .
10-26 /ke.cylindrica  //Psk 8 2 (2-6)
oo W - BEST AVAILABLE DOCUMENT
1U-26 /Be.cyllndrica  //IV-2 3 (7-67)
38-53
W-26 Me.cxlindrlea” f/0-26% 1
38-53 '
1U-26 7An.n15tgduu //Pa'i 81/3/10-26 2 (1-16)
. -43 .
Pak 81 /he.cxlindrica 6 //Pak B1/3/L0-36 L (6]
Pak 81 /Ae.cylindrica  //L0U-26/3/Pak B 1 (149)
36-53 .
Pak 81 /he.cxl: G// ek B1/3/L0-26 | | (4-100)
Pak 81 /he.cel: G/ L0-26 /2/Fak £1 | (1)
1U-26 /he.cyl: 36-53//Pak 81/3/LU-26 (150)

A%
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Table 5. Comparative mean values of concentration and content of Ha and K and their ratio in different hybrid derivatives

cozbinations after two weeks growth in saline nediun of EC 15 dS/a and non saline control,

4

nggzgisiion cg:c: coggent content
Bg/g I/la % of plant X of plant
dey wt. dry wt. dry wti.
H) i.§ 5 Bean 5 k3 § SN oean
S(6-15)  13.75 0.13 0.65 3L 15.88Y L3 .5 0.9 146 110
437-100) 425 0.3 s 0 908 0.2 03 205 1.2 .60
21-2000  1.07 0.3 222 3.6 2.9 01 o2 L7 125 149"
we100) 750 045 313 270 196 0.66 0.45 00 140 1.70
500 350 0.50 30 2.0 12.08% 0.35 0.05 L3 110 1.2
Pk Bl 15.00 0.37. 003 2.3 1o Li2 004 124 100 113
10-26 2.05 0.3 iz ws a2 L3 0.57 0.9
Hean T.odb 0.3 298 3132 0.31" 0.1 153 116

& = Saline, NS = Hon saline.

Figures followed by the saxo letters inm each colusn and
level of aignificance according to Duncan’s Hultiple Ran

ge Test.

BEST AVAILABLE DGCUMENT

20

row are not significantly different from each other at 5%
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Production of salt-tolerant wheat germplasm through crossing
cultivated wheat with Aegilops cylindrica -II. Field evaluation of
salt-tolerant germplasm.

S. Farooq, M. Asghar, N. Igbal, A. A. Zaidi and T. M. Shah.
Nuclear Institute for Agriculture and Biology (NIAB), Faisalabad,

Pakistan.

Keywords: Salt tolerance, Aegilops cylindrica, Triticum aestivum,

Saline soil, Saline irrigation, Potassium-sodium discrimination.

ABSTRACT '

The performance of salt-tolerant wheat germplasm produced
through crbssing wheat with Aegilops cylindrica as well as that of
three cultivated wheat varieties, was tested in three sets of
experiments under.saline fields of EC 6-10 dS/m. In set 1, all the
germplasm was sown by direct seeding . In set 2, 2-week-old
seedlings were transplanted. Sets 1 and 2 were given irrigation with
saline water of EC 15 dS/m made in full-strength Hoagland nutrient
solution. In Set 3, a nonsaline plot was sown by direct seeding and
was irrigated wiéﬁ-nutrient solution only. This plot was kept as the
control. Data were recorded at maturity, while K and Na
concentrations were calculated at seedling, tillering and maturity
stages.

There was not much differerce in the yield components of
the salt-tolerant wheat lines grown in the salineigﬁd nonsaline

fields, except for a reduction in the mean grain yield, which ranged

between 11 and 12% less than that of the nonsaline control. The
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cultivated.wheat varieties, on the other hand, showed significant
reduction in grain yield, which ranged between 19 and 20% less than
that of the nonsaline control. Similarly, differences in sowing and
transplanting methois were generally nonsignificant in the wheat
lines, as well as in the cultivated wheat vérieties; One of the
wheat lines tested in the present study showed an 18% increase in
spike weight over LU-26. Spike length in three lines and grains per
spike in six lines showed an increase over LU-26, (increase ranged
from 13 to 23% and 14 and 37%, respectively). Weight of 100 grains
was low in all the lines as compared with LU-26. Two lines (359 and
1076) produced significantly higher yields as compared with LU-26
under saline conditions. The values for K and K/Na ratio with the
transplanting method, particularly at the heading stage, were higher
in all the wheat lines as compared with the cultivated wheat
varieties; howeve;, no correlation could be established between high
K/Na ratio and higher yield. The overall performancé of the
germplasm under saline fields proved better than that of salt-
tolerant wheat cultivar LU-26. It is anticipated that after 2 to 3
Years of tesﬁing and selection under saline fields, a replacement

for LU-26 can -be.selected.



Introduction

Soil salinity affects different plant species differently,
depending upon the environmental conditions (Greenway and Munns,
1980; Mass, 1986; Cheesman, 1988; Lauchli and Epstein, 1990). It is
one of the major causes of low crop productivity in arid and semi-
arid regions of the world (Pal etal., 1984; Rabie et al., 1985). |
The low productivity is generally attributed to reduced plant
growth, an immediate response of plants exposed to'salinity. There
are, however, quantitative differences in the degree of plant
response under salinity stress. The decrease in yield under saline
as compared with nonsaline soil varies among species (Rush and
Epstein, 1976), among cultivars (Abel and Mackenzie, 1964), and
within varieties (Flower and Yeo, 1981). I:: our wide hybridization
program, we have developed salt-tolerant wheat germplasm (Farooq et
al., 1992) usinéisalt-tolerance genes from one of the salt-tolerant
accessions of Aegilops cylindrica (Farooq et al. 1989). To test the
comparative salt-tolerance levels of different lines of this
germplasm, preliminary field trials were conducted at the Nuclear
Institute fqﬁ’Agr;culture and Biology (NIAB), Faisalabad, Pakistan,
using saline andihonsaline fields, sowing and transplanting methods,
and saline and nonsaline irrigation. This paper presents results on

Ylield and yield component obtained in these experiments.



Materials and methods

Materials tested in the present study comprised nine salt-
- tolerant wheat lines (41,‘359, 751, 879, 880, 883, 886, 1073, and
1076), three cultivated wheat varieties (Pak-81, Ingalab, and
Pasban), and salt-tolerant wheat cultivar LU-26 as the check. The
wheat lines were developed by crossing hexaploid wheat cultivar Pak-
81 and LU-26 with salt-tolerant accession D of ae. cylindrica
(Farooq et.al., 1992;. Four saline plots of 4 x 3.75 m were selected
from a saline area situated at the campus of the Nuclear Institute
for Agriculture and Biology (NIAB). The soil of these plots was 2:1
type, sandy loam, series Faisalabad (Annonymous, 1989). Electrical
conductivity (EC), soil PH, and saturation percentage (SP) were
determined (by the methods given in Handbook 60) for 24 samples per
plot collected randomly. The EC, pH, and SP of the samples ranged
from 6 to 10 dS/m; 7 to 7.6 and 34.9 to 41.81%, respectively. The
experiments started in November 1992, when temperature ranges were
between 26-28 0C/15-20 O¢c (day/night), relative humidity was above
55%, and daylight was about 1¢ hoﬁrs. |

In set ofe, all the germplasm was sown by direct seeding in a
randomized compléie block design with three replications (18 plants
per replication). In set 2, 2-week-old scedlings of the same
germplasm were transplanted. Both the sets were given irrigation
with saline water of EC 15 dS/m, made by mixing Naso4, MgClp, cacCl,
and NaCl (Qureshi et al., 1977) in the ratio of 10:1:5:4 in Hoagland
nutrient (Hoagland and Arnon, 1950). A total of~18“irrigations each
of 40 liters per plot, were given from sowing (anS/or trasplanting)

to maturity. 1In set 3, a nonsaline (control) plot of the same size
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was sown by direct seeding. This plot was given irrigations of the
same number and volume, but with nutrient solution only.

Plants were allowed to grow in the three plots until maturity.
Data with respect to number of tillers per plant, spikes pef plant,-
- spike length, spike ' eight, grains per spike, 100-grain weight, and
grain yield were recorded at maturity. Concentrations of potassium
and sodium were determined at the seedling, tillering (nearly boot),
and matuirty stages. For this analysis, plant material at the
different stages (seedling, tillering, and maturiﬁy) was harvested,
briefly washed in three changes of distilled water to remove surface
contamination, dried at 70 dc for 72 hours and ground to form a
powder. The powder was than digested with Eoncentrated nitric acid
(HNO3) and the digest was analyzed flamephotometerically (Anonymous,
1954) . Data were analyzed statistically using Duncan's Multipal
Range Test. At éome points, the standard error of the meané was
calculated.
Results

Table 1 shows mean values of different yield components of all
the salt-to}érany wheat lines, cultivated wheat varieties, and salt-
tolerant wheat éﬁltivar LU-26 vhen they were grown under saline and
nonsaline (control) fields. There was no significant difference in
overall performance of any of the yield determinants of wheat
germplasm growing under the saline and nonsaline fields, except
reduction in mean grain yield was observed under saline fields which
ranged from 11 to 12% below that of the nonsaline control. On the
other hand, cultivated wheat varieties under salfhe conditions

exhibited considerable reduction in most of the yield components,
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including grain yield, which ranged between 19 and 20% beow that of
the nonsaline control. sSimilarly, considerable yie;d losses were
observed in LU-26 under saline environment Es compared with the
nonsaline control. Generally, the reduction in wheat yield under
saline conditions was less in the salt-tolerant wheat germplasm as
compared with the cultivated wheat varieties and salt-tolerant wheat
cultivar LU-26 (Table 1).

Significant (p < 0.05) differences were observed in all the
yield components of the wheat lines and wheat varieties. (Table 2).
There was no significant difference in most of the yield components
and grain yield of wheat lines 885, 886, and 751 and wheat cultivar
LU-26. In cne line (880), spike weight increased by 18% over LU-26
(Figure 1). Grains per spike increased in six lines (41, 359, 751,
879, 883 and 1076) while grain yield increased significantly (p <
0.05) in two linés (Figure 2).

Comparision of the sowing and transplanting methods reveals
nonsignificant differences in most of the yYield components, except
100-grain weight, which was reduced in some of the wheat lines in
the sowing qéthoq (Table 3). No significant difference in grain
yields was obsefﬁed except a small increase in yield in some of the
wheat lines that were transplanted, as indicated by an average yield
that was 103.4% tnat of the nonsaline control. Similarly, for all
the wheat varieties, performance on all the yield components was
better with the transplanting than with the sowing method. The |
response of LU-26 was the best, as indicated byﬂi%é average grain

yield with the transplanting method, which ranged'from 112 to 141%
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that of the nonsaline control and was significantly higher than the
yield obtained with the sowing method.

Significant (p < 0.0?) differnces were observed in the mean
values of Na and K concentrations in all the wheat lines and at the
three growth stages (Table 4). At the seedling stage, Na
concentration was higher with the sowing method while K
concentration and K/Na ratio were higher with the transplanting
method. At the heading stage, there was no difference in Na“
concentration, but the K concentration was significantly (P < 0.0?)
higher with the transplanting than with the sowing method, while the
K/Na ratio was similer with both methods. At maturity, as in the
seedling stage, the K concentration and the K/Na ratio were higher
with the transplanting than with the sowing method. It is
interesting to note that Na concentration in all the plants grown
under saline fieiﬁs was low and K concentration was high at all the
growth stages, irrespective of the cultivation method.

Discussion

The present study was conducted to assess the comparative salt
tolerance potential cf wheat lines produced through wide
hybridization, tﬁe comparative performance of the sowing and
transplanting methods and possible effects of cultivation methods on
organic ion concentrations in plants.

As already mentioned, salinity stress reduces tne rate of
growth of whole plants as well as of specific shoot organs
(Aspinall, 1986), with the degree of growth reduction depending on
the salt-tolerance level of the germplasm (Mass and Hoffman, 1977).

In the present study, the reduction in grain yield of wheat
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' germplasm was 12-13% under the saline fields and was low as compared
with the reduction in grain yield (20-21%) observed in the
cultivated wheat varietie§ and salt-tolerant cultivar LU-26. It is
therefore logical to infer that wheat germplasm tested in the
present study exhibited tolerance to salinity at a level not
available in the cultivated wheat varieties.

Reduction in grain yield of wheat under salinity stress has
been reported frequently (Rabie et al. 1985; Azmi and Alam, 1990),
and is attributed mainly to reduction in number of tillers,
spikelets per spike, kernels per spike, and kernel weight. In the
present study also, yield components were affected by salinity, but
there was some compensation in the form of increases in spike
length, number of grains per spike, and spike weight, which resplted
in increased yield in two of the wheat lines (359 and 1076).

The generalimethod of sowing being used by farmers for
cultivation of wheat in saline soil in Pakistan is broadcasting of
presoaked seeds in the saline field having 7-10 cm of water on its
surface. This practice helps in leaching salts down below the
suriace; allﬁhinq the presoaked seeds to establish.and germinate
under a comparaffbely less saline environment. The drawback of this
method could be a reduction in the germination of wheat seeds under
standing water. To avoid this drawback, the tramsplanting method was
adopted to cultivate the saline soil with 2~week-old seedlings,
followed by irrigation. The first irrigation of wheat is normally
given after 15-20 days of germination, dependingfﬁéon the moisture

content of the soil (Annonymous, 1993). Therefore; irrigation at

transplanting time was a necessity of that growth stage, as well as

8 - 9



an aid to get the seedlings established in the saline soil. Although
there was no significant difference in yield and yield components
for the material tested by the sowing and transplanting methods, a
reduction in number of spikes and 100~-griin weight was observed_with
~the sowing method. which was probably one of the reasons for the
lower grain yield obtained under the sowing as compared with the
transplanting method. A significant increase in tﬁe average yield of
LU-26 with the transplanting method also indicated that if saline
fields are transplanted, the reduction in yield caused by salinity
can be managed to some extent. However, the feasibility of the
transplanting method cannot be determined unless comparative trials
of transplanting, direct sowing, and broadcasting of presoaked seed
on highly saline lands are conducted simaltaneously. These
experiments are in progress.

To understa;d other reason(s) for the increased yield under
the transplanting method, analysis of Na and K at three growth
stages was conducted. Theoretically, Na concentration should be
high in the plants directly sown in the saline soil as compared with
the transplanted Plants. Sirce high uptake of Na, particularly when
the growth habitaéhanges from the vegetative to generative stage,
can cause growth depression and yield reducfion in wheat plants
(Azmi and Alam, 1990), this could be one of the factors in the
comparatively low yielG of the plant sown directly. However, no
significant difference in Na concentration between plants uhder the.

two methods of cultivation was detected at eitherﬁéhe heading or the

maturity stage, indicating that reason(s) other tﬁan Na
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concentration might be responsible for the comparatively higher

yield observed with the transplanting method.

Unlike Na, K concenﬁration and K/Na ratio were very high in
the transplanted plants, indicating, that in some of the wheat
genotypes, the K-Na discrimination factor is operative, particularly
under the transplanting method. According to Gorham (1990), gene(s)
for the K-Na discrimination factor is (are) located on the long arm
of chromosome 4D, and that express(es) only under low salinities
. (Gorham et al., 1987). Since the present germplasm was developed by
crossing wheat with Ae. cylindrica (CCDD), it is possible that
gene(s) for K-Na discrimination present on the D genome of Ae.
cylindrica may have transferred to the wheat, and that their
cunulative effect was expressed under the transplahting method. To
get.an in-depth understanding of K-Na discrimination and its
significance in péactical breediné, particularly undér different
cultivation methods, more experiments are required, especially under
fields of low and high salinity. Such experiments are in progress.
Conclusions

The getﬁplagm tested for salt tolerance under the present
study was develoﬁéd by crossing hexaploid wheat with salt-tolerant
accession P of Aegilops cylindrica, with a view to increasing
variability for salt tolerance in hexaploid wheat. During the
present field trials, which represent the first field testing of
this material, a few findings emerged very clearly. First, the
overall performance of the germplasm under the sai&he fields proved
better than that of the salt tolerant wheat culti;;r LU-26.  Second

some of the lines produced slightly higher yields than LU-26, but °
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two of the.lines produced significantly higher yields than LU-26. In
most of the wheat lines, yield reduction was largely compensated by
increases in spike length'and number of grains per spike. Third,
the material was tested in the field using the sowing and
transplanting methods, but no significant difference was observed in
the performance of the wheat lines, wheat varieties, or wheat
cultivar LU-26 under these two cultivation methods. Finally, high
values for concentration and K/Na ratio were observed in the wheat
lines that were transpianted in the field, but no correlation could
be established between high yield and high K/Na ratio.

The significance of these findings lies in the fact that in
Pakistan, at present, only wheat cultivar LU-26 is available for
cultlvation in saline soils, and it has now become susceptible to
rust diseases. Therefore, it is not being recommended for general
cultivation. Givén this situation, some of the lines tested in the
present study could easily replace LU-26 after 2-3 years of testing
and selection. Since in most of the lines, reduction in grain yield
is compensated by increases in spike length and grains per spike,
this material”may prove better than LU-26 both as a cultivar for.
saline lands and?és a germplasm for breeding program aimed at
iﬁproving yield components of wheat varieties. This material has
also been proved resistant against most of the prevalent rust
diseases at the seedling stage (data not presented); screeing for
the adult blant stage is in progress in collaboration with Ayub
Agricultural Research Institute. It is hoped tha%ﬂsome of the lines .
will prove to be resistant to all the prevalent dfseases. Such

material will be of immense importance in the future when wheat
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cultivation is extended into areas characterized by different types

of stresses.
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Table 1. Hean values and range of different agronomic characteristice of wheat gersplasa developed  through
hybridization, 3 cultivated varieties and salt tolerant wheat cultivar LU-20 after groving under saline figld
of ECe 6-10 dS/n and non saline control.

control)

balt tolerast geroplasa Kheat varielies LU 126
Agrononic
characteristics. Saline Noa-sakine daline Non-salize Saline Hon-saline
Ho. of tillers 6.3 40.3 7.540.3 1.3 40.5 8.340.4 8.540.6 10.0 40.2
(5-8) (6-91 (6-8) {71-10) (8-10) (8-10)
Ho. of splkes/plant 6.0 40.2 1.0 0.3 1.4 40.2 8.340.4 1.940.1  10.0 40.3
(6-7) (5-8) (6-8) (7-10) (7-9) (8-10)
_ Spike'lengtb (cg) 16.0 0.7 153405 15.740.4  15.0 10.5 15.241.0  15.0 41.0
' (13-18) (12-18) (15-17) (13-19) (14-17) (15-18)
Grains/splke 53.3 3!.9 45.041.7 36.143.4  £0.0 42,0 46.142.2 4.0 417
(50-65) (3-60) (46-62) (59-63) (43-51) (46-53)
100 grain weight (gn) 3.5 10.1 3.5 40.2 3.6 0.3 3.740.4 4.3 40.2 4.4 40.3
(2.9-4.1)  (2.9-4.2) (3.1-4.3)  (2.9-4.2)) (3.5-4.5)  (4.0-4.7)
Grain yleld/plant (ga) 13.9 30:6 14.8 31.5 13.940.6  16.9 41.6 13.741.4 158 41.8
(12-17) (13-19) (12.4-15.1)  (15.2-18.9) (12-17) (15-18)
Grain yield(% of nve ssling  (87.8-88.9) (60.1-81.4) (80-84)

Figures in parenthesis indicate range of different paramsters.

BEST AVAILABLE DOCUMENT
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Table 2. Comparative agronomic parformance of different salt tolerant wheat lines developed
through Lybridization and salt tolerant wheat cultivar LU-26 after growing under

sallse field of ECe 6-10 d5/z.

Ro. of llo. of Spike Spike Graln 100 graln Grain

Eniries tillers splke velght length per veight yield
(ge) {ca) epike (g2) {¢a)
e e 2o st aat oam® g
30 200 ro® 2™ e e as® 16
K 2560 na® e e et as® s
79 T ee® 2" g s aa® g
860 600 53t 22 165" sm®  got e
885 2000 e re® et enot ap® g
086 0.0 6 s e sa® o 12.54%
o s Ln® gt sowe®  am gt
6 800 e 2wt et g 16.57°
T Y T Y ; 13.86%

W26 8.00

In each coluan, figures followed by the same letters are not significantly different
fron each”other at 5% level of significasce accordisg to Duncan’s dultiple Range
Test,

BEST AVAILABEE D0CUMENT



Table 3. Hean values and range of different agronomic characteristics of wheat gernplasa developed through hybridization

3 cultivated varieties, and salt tolerant wheat ¢

field of ECe 6-10 dS/n.

ultivars LU-26 afler sowing and trancplanting under saline

Agronomic
characteristics.

wheat lines

¥heat varieties

LU-126

Soving Transplanting

Sowing

Traasplanting

Sowing Transplanting

No. of tillers

No. of spikes/plant

pike length (ca)

Grains/spike

100 grain weight (ga)

Grain yield/plant (ga)

Yield/% of non saline

6.940.3  £.540.1
(5.0-6.00  (6.0-7.0)
6.740.2  T.440.4
(5.8-7.5)  (5.58.3)
16.040.6  14.8 41.4
(13.0-18.5)  (14.0-17.5)
58.340.1 569 42.7
(50.0-85.7)  (42.8-64.4)

35400 37401

(2941 (3.501)
19406 143407
(11.5-16.6)  (10.4-17.1)

(89.0 -103.4)
Final

EIR
(6.5-8.5)
1.5 40.2
(7.0-3.2)
15.7 40.4
(15.0-17.0)
6.1 43.4

(46.1-61.8)
9.6 40.3
(3.1-4.3)
13.9 40.6
(12.4-15.1)
(94.0-114.0)

15407

(6.9-9.5)
8.0 +0.5
(7.2-9.9)
17.4 +1.0
(16.0-20.0)
35.7 415
(§3.9-89.1)
3.740.2
(3.4-4.1)
14.6 41.5
(11.7-17.3)

TT41.0  6.50.7
(6.0-10.0)  (5.0-8.0)
6.340.5  8.540.7
(5.0-7.0)  (7.0-10.0)
15,3 40.5  16.0 41.7
(14.0-16.0)  (13.0-19.0)
.240.0 521 4.0
{45.0-49.0)  (45.1-59.4)
3.940.3 4.0 +0.4
(3.3-4.5)  (3.3-4.7)
B4 103413
{13.5-13.7)  (15.1-19.6"
(112.0-141.3)

Figures in parenthesis 4ndicate range of different paraceters.

BEST AVAILABLE DOCUMENT
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7:ble 4. lon concentration (zg/g dry veight) is shoots of salt tolerant wheat
gersplasn sown and transplasted in saline field of ECe 6-10 d3/n.

- Parapeter Seedling lleading Hatuirty
fa S 11.8 40.9 {7-15.583) 1.9 10.2 (1.0-1.8) 2.0 10.2 11.4-2.3)
Concentratlon

0.7 10.1 (0.5-1.1} 1.5 40.1 (1.2-1.9) 1.6 0.1 (1.1-1.1

-3

pg/g dry veight

I Concentration S 4.7 0.8 (2.6-6.8) £8.5 15.1 (55-82.5) 7.2 41.1 (5.0-8.8)
pg/g dry veight :

T 5.310.3 (4.2-6.2) 77.8 46.3 (61.2-90) 7.9 11.1 (5.5-11.2)
I/ha § 0.410.3(0.1-1.5) 69.6 45.7 (42.2-54.00 8.8 2 0.4 (2.5-5.9)
T 7.540.7 (5.6-8.5) 5154584 144.8-58.9) 5.140.7 (3.3-6.6)

5 = Sowing, T = Transplanting,
Fiouras in parsathesis Indicate range of different parameter.

BEST AVAILABLE docu MENT

9


http:5.6-9.51
http:2.5-5.91
http:42.2-54.01
http:17-15.53

ol

Fig. 1 Comparative performance of salt tolerant
, ~ wheat germplasm under saline field of EC 6-10 ds/m.
All values are % of salt tolerant wheat check (Lu-28) -
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Identification of different wheat genotypes through Polymorphism based on
Random Ampliﬁed Polymorphic DNA (RAPD:s)

8. Farooq, T. M. S8hah, E. Askari, A. A. Zaidi and N. Igbal
Nuclear Institute for Agriculture and Biology (NIAB), Faisalabad,
Pakistan.

S8ummary: Polymerase Chain Reaction was utilized to detect
polymorphism in ten different salt tolerant wheat introgression
lines (produced through wide hybridization), the cultivated wheat
varieties and salt tolerant accession D of Aegilops cylindrica.
DNAs extracted from fresh Jleaves by CTAB method were amplified
using 25 ul reaction volume in Perkin Elmer Thermalcycler and
randomly sequenced 10 mer synthetic Primers. Based on the
amplification reactions, all the primers were divided into four
categories. Category A primers reacted with all the wheat lines
while category B with none. Category C primers reacted with 10-14
lines while category D primers reacted with 3-7 wheat lines only.
Of the 18 reactive primers, 11% detected polymorphism in all the
test material. The level of polymorphism was low and ranged between
1.2 to 22.8%. Most of the primers produced monomorphic but very
intense bands while other types of bands included intense bands,
easily visible and less visible bands; Of the 9 salt tolerant
intfogression wheat 1lines, 6 were identified on the basis of
polymorphic bands. Our study indicated possibilitiés of using RAPD
markers to detect specific variation in the genome which can be
used for variétal finger printing.

Key words. RAPD markers. DNA polymorphism, PCR, Primers, Triticum

aestivum, Aegilops cylindrica.



Introduction

Identification of different genotypes of crop species and
varieties is important, particularly when new crop varieties are to
be released, newly produced gefmplasm is to be registered,
different accessions of wild species are to be charaeterized, and
/or purity of the germplasm is to be determined. For a long time,
such identification has been based on phenotypic differentiation or
morphological traits such as ear morphology, awning, and hairiness
of neck or peduncle (Worland et al 1984) . However, since there are
many varieties with awns and hairy peduncle, identification of two
similar varieties is often difficult. Similary, the introgression
lines, which are sometime different from parent by only few base
pair sequences are difficult to differentiate -~ -am each other on
morphological or phenotypic bases. To overcome such diffjiculties,
biochemical markers,. such as isozymes, were developed and are being
used successfully for the last two decades (Arus et al., 1982,
Bassiri, 1976; Stageman, 1984; Gupta and Robbelen, 1986; Ladizinsky
and Hymowitz, 1979; Vangham and Denford, 1986). Sinceithe frequency
of polymorphism detected by biochemical markers in different crop
species was low, therefore molecular markers euch as Restriction
Fragment Length Polymorphism (RFLP) were developed and are being
used widely for mapping of plant genomes such as maize (Weber and
Helentjaris, 1989), tomato (Tanksley _et al., 1992), rice (McCoech
et al., 1988), potato (Gebhardt et al., 198f{), lettuce (Landry et

al., 1987), Arabidosis (Reiter et al., 1992), Conifef.(Carlson et

al., 1991), barley (Graner et al., 1991) wheat (Aﬁherson et al.,

1992), peanut (Kochert et al., 1991), Brassica rapa (Song et al.,
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1991) and Cupbea (Webb et al., 1992).

Recently a new class of molecular markers (Rafalski et al., 1991)
known as Random Amplified Polymorphic DNA (RAPDs) were developed,
which, unlike RFLP markers do not require large amount of DNA,
restriction digestion, southern blotting, and radioactive
labelling.

In our wide hybridization programme, we crossed wheat cultivar
Pak-81 with salt-tolerant accessions of Aegilops cylindrica
(Farooq et al. 1992) and produced different salt tolerant
introgression wheat lines which have plant height, ear morphology,
heading date and grains per spike of wheat cultivar Pak-81 and LU-
26 and salt tolerance of donor species Ae. cylindrica. Our
objective was to display visible differences simaltaneously in Pak-
81, LU-26, Ae. cylindrica and salt tolerant introgression lines. In
the present attempt, we have used RAPD markers to differentiate
these lines from parents and from each other. Some of these results
are presented in this report.

Material and Methods
Material

Ten different wheat lines produced through wide hybridization,
two cultivated wheat varieties (Pak.81 and LU-26) used as female
parent for production of F, hybrid and backcross derivatives and
accession D of Ae. cylindrica, salt tolerant wheat cultivar
“"Pashan" and tetraploid wheat cultivar "Durum" were. used in RAPD
assay . (Table-1) Twenty synthetic 10 mer primers‘ﬂpelonging to
series-S, obtained from Operon Technologies (AlamedEJ California)

were used for amplification. Tag Polymerase together with 10x PCR
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buffer, Mgcl, and dNTPs were purchased from Perkin Elmer Cetus.
Perkin Elmer DNA Thermal Cycler was used for DNA amplification.
DNA extraction

Healthy seeds of the above mentioned material were germinated
on moist filter paper in petri plates. Seedlings were raised in
growth chamber at 20°C + 2°C. Two to three week old seedlings were
used for DNA extraction following the CTAB method of Rogers and
Bendich (1988), replacing dry ice with 1liquid nitrogen. DNA
concentration and its quality were determined on a Spectronic-21
spectrophotometer at wave length of 260 and 280 nm. From this
measurement, a working solution of 5ng/ul DNA was prepared. Each
dilution was then repeatedly re-checked on the Spectrophotometer
till the exact concentration (5ng/ul) was obtained.
DNA ampiification

The reaction volume (25ul) containing 2.5 ul (1x) PCR buffer,
2.5 ul (2.5 mM) Mgcl,, 2.5 ul (0.2 mM each) dNTPs, 0.2 ul (one unit)
Taq Polymerase, 0.5 ul (0.4um) 10 mer primer, Sul (5ng/ul) genomic
DNA and 11.8 ul water over laid with one drop of mineral oil was
amplified according to the procedure of Wiliams et al. (1990),
using step cycle file programmed for 40 cycles. Af£er
amplification, one drop of Sx RAPD dye (bromophenol blue mixed with
10% glycerol, 0.1 M EDTA and 2% SDS) was added to the reaction
mixture. only 12 ul of this reaction mixture was loaded on 2.0 %
agarose gel submerged in TAE buffer. Lambda DNA digested with Hind
III was used as a molecular size marker. §hmp1es were
electrophoresed for aproximately 2 hours at 100,. volts. After

electrophoresis, the gels were rinsed twice with distilled water,
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stained in lug/ul ethidium bromide for 20 minutes followed by two
rinses in distilled water. The amplified products were viehed
under U.V. fluoresence and photographed using the Stratagene Eagle
Eye still video system. All the reactions were repeated twice.Those
reactions where any specific primer failed to produce amplification
products were repeated three times, in order to confirm the non
reactivity of the primers.
Bcoring of data

Data were scored from three good quality photographs produced
for three replicates of each amplification reaction product. Bands
were scored from top of the gel (band No.l1l) to the bottom. The left
lane of the gel was considered as Lane-I. The bands produced by one
primer in all the wheat lines used in this study were scored under
the heading of #Total bands produced by that primer". All the
characteristic bands produced by one primer that are repeatedly
preseht anu/or absent in only some of the lines, were scored as
polymorphic bands. Reproducibility of the reaction was confirmed
when a specific band repeatedly appeared in a specific region. All
the bands less than 500 bp except those which are clearly visible
were sometimes difficult to score and were omitted. Based on the
precence and absence of amplification products, all the primers
were divided into four categories. Category A comprised 7 different
primefs which produced amplification products in all the wheat
lines while category B comprised two primers which failed to
produce any amplification product in any of the ;vwheat lines.
Category C comprised 5 primers each of which produéqd amplication

products in 67-93% of the wheat lines, while category D comprised
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6 primers each producing amplification products in only 13-60% of
the wheat lines, respectively.
Results

Table-2 shows details of amplification products produced by 20
different primers in all the wheat lines used in the study. All the
primers, except S5-02 and 5-15, produced amplification products
that ranged between 2-119 amplification products per primer. Among
the 18 primers 7 primers (8, 9, 11, 12, 16, 17 and 19) termed as
category A and produced amplification products in all the wheat
lines, 6 primers (1, 4, 5, 7, 18 and 20) termed as category C and
produced amplification products in most of the 1lines while 5
primers (3, 6, 10, 13, 14) termed as category D aad produced
amplification products in some of the lines. Of all the primers,
(61%) detected, polymorpkic bands which ranged-'between 1 (S-07) to
9 (5-09) bands per primer. The level of polymorphism was low and
ranged between 1.2 (primer 5-07) to 22.8% {S-01). Most of the
Sscorable bands (96%) produced in all the test material were
monomorphic and in all the reactions they appeared between 2000 to
500 base pair region except in reaction with primer S-9 where less
than 500 base pair band was produced.

The amplification pProducts, produced by category A primers
were divided into four classes (Table-3). All the primers, except
S5-19, amplified products of varying frequencies which appeared as
high intensity bands, intense bands, easily visible bands and less
visible bands. Generally, in all the amplified.produgts, frequency
of highly intense and visible bands was higher thahuvery intense

and less visible bands.
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The amplification products obtained with some of the primers
are given in Figs. 1, 2, & 3.

Fig. 1, shows a set of 2 and 3 bands respectively in wheat
line 880 and 883 (lane 4 and 5) immediately below the very
intense band.in the middle. These bands are not present in wheat
cultivar LU-26, and hence differentiate vheat line 880 from 883
and both of them from LU-26. Similarly, there is a set of bands
located above the very intense bands in wheat line 886 which is
also present in Ae. cylindrica (lane 13) and absent in LU-26 and
hence differentiate 886 from the other wheat lines.

Fig. 2 presents amplification products obtained with primer
OPS-9. 1In this figure most of the amplification products are
different from each other. Wheat line 41 and 359 produced identical
profile which is different from the profile of wheat line 880 by
the presence of band number 2 in this line. Wheat line 880 and 883
could be differentiated on the basis of differences in size of the
two bands eacﬁ present in the bottom of both the lines and presence
of first band in 883 which is missing in 880. In wheat lines 885
and 886, difference in size of very intense band in the middle is
evident. Similary, presence of two bands at the top of both the
lines differentiated both of them from LU-26. In wheat lines 1073
and 1076, variation in size of the last {wo bands is clear. In
Durum and Ae. cylindrica last band is missing while in Pasban, very
intense band in the bottom is missing. All the lines can therefore
be easily separated from each other and from the paggnts. This is
the only pricer (S-09) which produéed at least one pélymorphic band

(Lane 12) which is less than 500 base pair size.
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Fig. 3 presents amplification products obtained with primer
OPS-12. In this profile, wheat lire 41 can be differentiated from
wheat lines 359 and 879 on the basis of absence of a band in line
359. Likewise, wheat line 880 can be differentiated from 883 by the
presence of band number 1 which is also present in wheat lines 885
and 886 but missing in wheat lines 359, 880, 1073, 1076 and LU-26

and seperate these lines from rest of the lines.

Discussion

Since thé discovery of RAPD markers (Williams et al., 1990;
Welsh and McClellend, 1990), they have been utilized extensively to
accelerate the construction of linkage maps. Their large scale
utilization in tomato (Martin et al., 1991; Klein-Lankhorst et al.,
1991); lettuce (Michelmore et al., 1991); Brassica, broccoli and
Cauliflower (Quirose et al., 1991; Hu and Quirose, 1991) have also
successfully demonstrated their effectiveness in the identification
of strains and varieties through genomic finger printing. In the
present study, we have successfully utilized the technique of
Polymerase Chain Reaction for the generation of RAPD markers in
different’ introgression lines of wheat produced through wide
hybridization. The pPolymorphism thus detected was largely based on
the presence and/or absence of a characterist}c band aind in some
cases variation in the size of the bands and was used for
identification of different genotypes.

In the three earlier attempts on utilization og RAPD markers
in wheat, polymorphism was either detected by_'specifically

Sequenced primers (D’ Ovidio et al., 1990; Weining and Langridge,
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1991) or through randomly sequenced two Operon primers of series A
and B (Devos and Gale, 1992). In the present study , 20 Operon S-
series primers were used to detect polymorphism in wheat varieties
as well as in wheat introgression lines. Of the 20 pfimers, 11
detected polymorphism based on bands absent in both the parents and
polymorphic bands coming from the doner parent Ae. cylii.. rica. The
source of polymorphism detected in the present study could be due
to the changes in or beween the priming sites due to the
introgression of foreign DNA or it could be due to the
introgression of whole segment of Ae. cylindrica DNA. Category A
primers detected polymorphism in all the wheat lines, nevertheless,
the level of polymorphism was generaly very low for all the
primers. Such observation has been reported earlier by Devos and
Gale (1991) which, as explained by these authors could be due to
the fact that most.cf the amplified products’ in wheat originate
from repeated DNA sequences which are abundant in most cereal
(Flavell et al., 1974).

In the present study, 18 out of 20 primers reacted with all
the wheat genotypes and 11 of them detected polymorphism. This
differential behaviour of the primers indicated that for a meaning
full RAPD analysis, selection of proper primer is very important
which could possibly be made either after testing large number of
randomly selected primers or by selecting primers of known
sequences. '

All the primers which reacted with wheat,wuamplified 4
different types of bands of which the frequency offyisible bands

was very high. Such classification in banding profile has recently
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been reported by Heun and Helentjaris (1993) in corn. In their
study , frequency of quantitative polymorphism which is based or
the variation in intensity of the bands is very high. We have alsc
observed esuch variations which although can be scientifically
justified are not the basis of genotypic identification made in the
present attempt. In the present study, of the 9 introgression
lines, 6 were easily identified on the basis of polymorphic bands.
Since, introgression 1lines generally look similar, it is very
difficuit to differentiate among them. The present study clearly
evidenced that RAPD analysis is perhaps one of the techniques which
can be effectively utilized to detect such variation.

Acknowledgement: This work was partly funded by the U.S. National

Academy of Science through BOSTID programme operated in Pakistan.
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Table.1. Detail of germplasm used in

the study

Parentage

. S.No. Plant <esignation
number
1. T
2. 359
3. 879
4. 880
S. 83
6. 885
7. 886
8. 1073
9. 1076
10. LU-26
11. Duruﬁ
12. Pasban
13. Ae. cylindrica .
14. Pak.81
15. 751

LU-26
LU~26
LU-26
Durunm
LU-26
LU-26
LU-26

LU-26

/
/
/
/
/
/
/

/

Ae.
Ae.
Ae.
Ae.
Ae.
Ae.
Ae.

Ae.

Ae..

cylindrica
cylindrica
cylindrica
cylindrica
cylindrica
cylindrica
cylindrica
cylindrica

cylindrica

D.
D.
D.
D.
D.

D.

// Pak.81
// Pak.81

//
//
/1
/1
//
//
//

LU-26
LU-26
Pak.81
Pak.81
Pak.81
LU-26

Pékﬂal

(salt tolerant wheat parent)

(salt sensitive tetraploid wheat)

(salt tolerant cultivated wheat)

Accession D

(salt sensitive cultivated wheat)

LU-26 / Ae. cylindrica D. // Pak.81

Further detall of germplasm in Farooqg et al. (1992)
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.Table 2. Detall of tota: bands and poymorphic bands producsd by 20, S-series
. Primers and their distribution in calt tolerant wheat germplasn.

Primer Total scorable Poly- Distribution of Polymorphic bands in the
bands produced morphic test matrial .
in the test bands  =remecce e e
material . 2 3 4 5 6 7 8 910 11 12 13 14 15
S-01 22 5(22.8) 5 + + + + + 4+ 4+ 4+ 0 0 0 0 0 O
S-02 00 0 0O 0 0 0.0 0 0 0 0 0 0 0 0 O0 O
S-03 04 0 0O 0 0 OO + 0 9 0 4+ 0 0 0 0 o
5-04 119 7(5.9) + + + + 4+ 2 4+ 1 + 4+ 1 1 2 0 0
S=-05 33 o + + + + + + 0 + + 4+ + 4 4+ +
S-06 04 0 0O 0 0 OO O O + + 4+ 0 0 O 0 O
S-07 87 1(1.2) + 4+ + 4+ o+ o+ o+ o+ 4+ o+ + 1 4+ 0
S-08 67 7(6.5) + 4+ 4+ 1 1 1 1 & 4+ + 1 4+ 1 + <+
$-09 62 9(14.5) + + 4+ + 2 1 1 2 1 1 + 1 +. + +
S-10 55 2(3.6) o 0 0 00+ 0 1 0 + 0 + 1 0 +
S-11 115 3(2.6) + + 4+ + 4+ + + + 4+ 4+ 1 1 1 + +
S-12 _ 65 5(7.7) + 4+ 4+ 1 1 4+ + 2 + + 4+ + 1 + +
S5-13 41 0 O + + 0 + 4+ 0 + G 4+ + 0 0 0 O
S-14 62 2(3.2) + + 0 0 + 0 0 + O + 0 + 2 0 O
S-15 00 Cc 0O 0 0 0 0O 0O O OO 0 0 0 0 O O
~ 8-16 30 0 + + + 4+ + o+ o+ 4+ A+ 4+ o+ 4+ 4+ o+
S-17 101 0 + + + + + + 4+ + 4+ o+ o+ + 4+ o+
S-18 80 0 +* 0 4+ + 4+ 4+ 4+ 0 0 4+ + + 4+ 0 O
S-19 83 1(1.2) + + + + 4+ + + + + 4+ o+ 1 o+ o+
S-20 48 3(6.3) 4+ 4+ + 0 + + 1 + 0 0 1 1 + + +
+ = Monomorphic bands 0 = No bands

Figures in parenthesis.,are % Polymorphic bands
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Table 3. Details of different types of bands produced by 18 S8-series
10 mer primers in salt tolerant wheat germplasm.

Catagory Primer designation % Frequency of different bands
of . and sequence Total produced by each primer
Primer = = = @ eemscmemm——o bands =----=escsomccccmmcn e —anee
5' to 3! * + {+) (~)
A S-08 TTCAGGGTGG 108 1.9 7.4 35.2 55.6
5~09 TCCTGGTCCC 62 1.6 24.2 38.7 35.5
S-11 AGTCGGGTGG 115 0.9 2.6 61.7 34.8
S-12 CTGGGTGAGT 65 13.9 4.6 40.0 41.5
S-16 AGGGGGTTCC 30 7.0 10.0 23.0 40.0
5-17 TGGGGACCAC 011 1.0 3.0 67.0 19.0
5-19 GAGTCAGCAG 83 - 36.0 17.0 47.0
Cc S~01 CTACTGCGCT 22 - 4.5 59.1 36.4
S-04 CACCCCCTTG 119 2.6 15.1 47.1 25.2
S-05 TTTGGGGCCT 33 - - 100.0 -
S=07 TCCGATGCTG 87 - - G5.5 34.5
S-18 CTGGCGAACT 80 7.0 5.0 A5.0 43.0
S5-20 TCTGGACGGA 48 - 4.2 60.4 35.4
D S-03 CAGAGGTCCC 4 50.0 - - 50.0
S-06 GATACCTCGG 4 - - 50.0 50.0
S-10 ACCGTTCCAG 55 3.6 12.7 43.6 40.1
S-13 GTCGTTCCTG 41 - 4.9 39.0 56.1
S-14 AAAGGGGTCC 62 - - 45.1 54.9

*= Very intense bands += Intense bands (+)= Visible bands
(=)= Less visible bands
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. 1076

. LU-26

. Durum

. Pasban

. Ae. cylindrica
3. Marker

Fig. 1. Amplification products produced by primer OPS- 8. Wheat

lines 880, 883 ( lane 4 and 5), 886 (lane 7) and LU-26 (lane 10) are
clearly distinguishable.

BEST AVAILABLE DOCUMENT

18

1L



.41

. 359

. 879

. 880

. 883

. 885

. 886

. 1073

. 1076

. LU-26
. Durum
. Pasban
. Ae. cylindrica
. Marker

Fig. 2. Polymorphism produced by primer OPS-9. Most of the
lines can easily be separated from each other and from parents.

BEST AVAILABLE JOCUMENT
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41

. 359

. 879

. 880

. 883
885

. 886

. 1073
9. 1076
10. LU-26
11. Durum
12. Pasban
13. Ae. cylindrica
14. Miarker

NG h WN

Fig. 3. Amplification products obtained with primer OPS-12.
Polymorphism can be detected in wheat lines 41, 359, 879, 880,
1073, 1076, and 1.U-26.

BEST AVAILABLE cOCUMENT
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ABSTRACT

Three experiments were conducted to evaluate 15 sunflower (Helianthus
annuus L.) genotypes against three salinity levels. Initially, the
genotypes were grown unde saline conditions and were classified as being
salt-tolerant or salt-sensitive depending or their seed yield. Next, -he
concentration of chloride, sodium and potassium ions in the leaves of
each genotype were measured at both the seedling and flower initiation
stages. The differences between salt-tolerant and salt-sensitive lines
for ions concentration were then compared. At a moderate salinity level
(EC, 5 dsm’'), tolerant sunflower lines decreased sodium and thus had a
better potassium-to-sodium ratio at the seedling stage. The tolerant
lines also decreased sodium, increased potassium, and kept a hLigher
potassium to sodium ratio in leaves at flower-initiation. At higher
salinity (EC, 10 dSm‘), the salt-tolerant lines showed a decrease in
sodium concentration and an increase in potassium, and thus maintained
a higher potassium-to-sodium ratio at the seedling and flower-initiation
stages. A decrease in sodium concentration and a higher potassium to
scdium ratio was common at both growth stages in salt-tolerant cultivars,
and this was found to be the physiological mechanism for salt tolerance
in sunflower. These traits were also found to be highly heritable at both
stages of growth, and thus in future breeding programs can be used as
gquidposts to salt-tolerance.

Index Words

Sunflower, physiogenetic mechanism, salt tolerance.

INTRODUCTION

Salinity is one of the most severest soil problems confronting
irrigated agriculture throughout the world. It has been estimated that
salinity seriously limits crop production on 20 dllion hectares of the
world’s cultivated land (El-Ashry et el., 1985). Pakistan has an
arid/semi-arid subtropical climate and shares this problem with many

other countries of the world. The magnitude of the problem in Pakistan
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can be seen in the fact that about 6.3 million hectares, including about
18.4% of the country’s canal-commanded area, is salt-affected (Anonymous,
1989) . Another 1.20 million ha of salt-affected area exists in patches
(Chaudhri et al., 1978).

Soil is the major source of mineral nutrients for plants. Although
seeds contain considerable quantities of mineral nutrients, uptake from
the soil starts shortly after germination and soon contributes most of
the ions entering the roots and shoots. Some toxic ions are also required
for stimulating the growth of various species especially halophytes
(Storey and Wyn Jones, 1979) but the range between beneficial and toxic
concentrations is very narrow for most plants. The toxicity in
glycophytes under saline conditions has been atcributed to "ion excess"
(Yeo and Flowers, 1984). Growth may be limited also by metabolic
limitations caused by ion toxicity due to the accumulation of Na‘® and Cl-
used for osmotic adjustment. The cell may be energy-limited because of
the diversion of metabolic carbon into biosynthesis processes required
for maintenance of salinity tolerance (Yeo, 1983); such a situation may
result in substantial partitioning of carbon away from growth processes.

Salinity of the root medium caused by NaCl interferes with the
absorption and translocation of K* and Ca** by plants (Kuipexr, 1984). Both
K* and Ca‘* are required in the growth medium to maintain the selectivity
and integrity of cell membranes. Calcium is also needed for selective
transport of ions such as K' across the membrane (Wyn Jones and Lunt,
1967). Also in saline environments, the accumulation of Cl- parallels that
of Na' (Yeo and Flowers, 1985), and chloride-induced NO, deficiency has
been shown to be responsible for growth retardation in plants exposed to
high 1levels of NacCl salinity (Torres and Bigham, 1973). Higher

concentrations of Na' and Cl° in plant tissues have reduced the growth and

3]



A W d W N M

yield of many crops, and reductions in the growth and yield of sunflower
under saline conditions have also been reported (Heikal et al., 1980,
Girdhar, 1988; Ur-Rehman and Hussain, 1992; Hussain and Ur-Rehman, 1992).
In sunflower, seed yield has been shown to start decreasing beyond EC,!
2.5 dsm™ and to reach to 30% losses at EC, 11.3 dSm™* (Anonymous, 1992),
but 49.21% seed yield losses at EC, 10 dSm' have also been reported
(Hussain and Ur-Rehman, 1992).

In barley, sensitive varieties tend to accumulate high amounts of Na*
and C1° in younger leaves, while tolerant varieties accumulate these ions
in older leaves. The tolerant plants are able to retranslocate K' more
efficiently from older to developing leaves, exchanging them with Na' and
thus maintaining favorable K'/Na‘ ratios in younger leaves and stems
(Boegmans and Stassart, 1987). It has been reported that Na‘' and Cl-
accumulation increased in sunflower leaves with increasing salinity
(Cheng, 1984), and similar findings have been reported for the seedling
stage (Ur-Rehman and Hussain, 1993). Na' accumulation in sunflower leaves
at flower initiation has been shown tﬁ decrease at moderate salinity
levels, and then increased at higher salinity levels as compared with non
saline conditions (Hussain and Ur-Rehman, 1993). Potassium accumulation
in mature sunflower has been found to increase at moderate salinity
(Heikal et ul.,1980; Hussain and Ur-Rehman, 1993) but to decrease at
higher salinity levels as compared with non saline conditions (Heikal,
1577; Hussian and Ur-Rehman, 1993); however, it decreased consistently
with each increment in salinity level at the seedling stage (Ur-Rehman
and Hussain, 1993).

The objective of the present research was to determine the

physiological behavior of ion accumulation at both the seedling and

! Electrical conductivity of saturation extract at 25 °C.
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flower initiation stages and its genetic basis in salt-tolerant and
-sensitive sunflower lines in order to formulate selection criteria for

salt tolerance in sunflower.

MATERIALS AND METHODS
The following three experiments were carried out.
Experiment 1: Identification of galt-tolerant and salt-gensitive lineg

A preliminary experiment was conducted to identify salt-tolerant and -

sensitive sunflower lines on the basis of szeed Yield in order to study
further the physiogenetic mechanism for salt tolerance in sunflower
(Helianthus annuus L.). The seed yield under saline conditions was taken
as the measure of the relative salt tolerance of the different lines. of
the 15 sunflower inbreds, 5 of the lines tested (GIMSUN-4, -7¢, -198, -
476, and -671) had been previously developed from open nollinated Russian
and Romanian cultivars; the other 10 (GIMSUN-157, -232, -343, -403, -603,
~740, -764, -790, -802, and -856) had been developed from segregating
populations of commercial hybrids from the United States, after six
Successive years of selfing. These lines were evaluated for salt
tolerance using a randomized complete block design with three

replications under two salinity levels. There were S5 pots each of 3

450 pots in the experiment. The seeds were planted in polyethylene-1ined
clay pots, having an internal diameter and depth of 26 cm. Each pot was
filled with 8 kg. of air dried and sieved potting mixture composed of
sand and soil in a ratio 3:1,

Two basal salinity levels i.e., EC, 2 (control), and 10 dsm-! were
created using a mixture of salts, NacCl, Na,S0,, CaCl,, and MgSO, in the

ratio of 5:9:5:1, respectively. Irrigation water (EC 0.29 dsm’') was
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applied throughout the experiment whenever required. Nitrogen and
phosphorous fertilizers were added in amounts equivalent to 86 and 62 kg
ha*, respectively (Chaudkry, 1985). The phosphorous fertilizer was
applied at the time of planting, the nitrogenous fertilizer was appiied
half at planting and half at flowering. Data were recorded on seed yield

per plant at physiological maturity.

Experiment 2: Ion concentration§at the gseedling stage

The 15 sunflower inbreds included in the first experiment were
evaluated for ion accumulation at the seedling stage in the second
experiment. This experiment was conducted in polyethylene bags (25 x 13
cm) filled with 1.25 kg of the same media used in the first experiment.
Three basal salinity levels --EC, 2(control), 5, and 10 dSm!-- were
developed using procedures similar to those in the first experiment. All
other experimental procedures were the same as in the first experiment.
There were 3 plants each of 3 replications of all combinations of 15
lines at 3 salinity levels making 405 piants in the experiment. After 21
days following sowing, the two topmost fully expanded leaves were
collected from each plant, washed in distilled water, blotted dry, and
stored in a deep freezer. A single channel emission flame photometer
designed for the routine determination of sodium (Na*), and Potassium
(K*), and digital chloridometer designed to determine the chloride (Cl1-)
ion concentration of a solution were used to determine Na*, K*, and Cl-
concentrations by tissue sap analvsis; the K'/Na‘ ratio was calculated

mathematically.

Experiment 3. Ion concentrations at the flower initiation stage

The third experiment was conducted to determine ion accumulation in
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sunflower leaves at flower initiation of same fifteen lines used in the
first two experiments. The sunflower was seeded in polyethylene lined
clay pots of same size as those used in the first experiment. Three basal
salinity levels --EC, 2 (control), S5, and 10 dSm'-- were developed using
procedure similar to those in the first experiment. All other
experimental procedures were the same as in the first experiment. There
were 8 pots each of 3 replications of all combinations of 15 lines at 3
salinity levels making 1080 pots in the experiment. The top most fully
expanded leaf from three plants each per genotype, replication and
salinity level was collected following similar procedure as used in
second experiment. Na', K' and Cl° accumulation was determined by tissue
sap analysis using similar procedures as used in second experiment. The
other five plants of each genotype per replication and salinity level
were harvested at physiological maturity and data were recorded on seed
yield per plant.

Statistical analysis.

The data were analyzed using analysis of variance (Steel and Torrie,
1980) . Estimates of phenotypic and genotypic coefficients of variability
and broad sense heritability (as a ratio of genetic variance to
phenotypic variance) were calculated using the procedure of Lothrop et
al. (1985). The average performance of the salt-tolerant and -sensitive
group of inbred lines, along with the overall average of the 15 lines
studied for various ion accumulations at the seedling and flower
initiation stages, was plotted against salinity levels and presented
graphically.

RESULTS AND DISCUSSION
Experiment 1. Identification of salt-tolerant and -sensitive lines.

Significant differences were found among inbred lines, salinity
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levels, and inbred-salinity interaction. Soil salinity reduced seed yield
with each increment of salinity, but responses of the different genotypes
varied. Compared to the control, 3 of the lines GIMSUN-603, -764, and -
856, showed less than a 30% reduction in yield underr saline conditions
(EC, 10 dsm'') and were designated as being "salt-tolerant". Three of the
lines GIMSUN-198, -157, and -802, showed more than a 60% reduction in
seed yield under the same saline conditions and were designated as "salt-
sensitive".

The cumulative behavior of lines belonging to the salt-tolerant and -
sensitive groups was studied for ion accumulation at the seedling and

flower initiation stages.

Experiment 2. Ion concentrations at the seedling stage

The results exi1 bited significant (P < 0.01) differences among
salinity levels, genotypes, and genotype-salinity interaction for Cl-,
Na*, and K' concentrations and K'/Na* ratio in sunflower leaves at the
seedling stage.

The Cl° concentration in the seedling leaves increased with an
increase in salinity in both the salt-tolerant and -sensitive groups
(Figure 1). There was only very slight differences between the lines
within each group.

The Na‘® concentration showed highly significant differences between
the groups as the salinity level increased (Figure 2). The mean Na*
concentrations in the salt-sensitive lines increased with each increment
in salinity. The Na* concentration in seedling leaves of the salt-tolerant
lines, on the other hand, decreased significantly as salinity inceased
from EC, 2- to 5- to 10 dSm’!. The curve for tolerant lines intersected

the sensitive-lines curve at EC, 5 dSm.
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The K' concentration in the salt-tolerant 1linesg decreased
significantly at moderate salinity, but showed an increase at the higher
salinity level (Figure 3). The sunflower lines that were sensitive to
salinity increased slightly in K* concentration from EC, 2 to EC, 5 dsm™?
but increased significantly at EC. 10 dsm™. However, k* was much higher
in tolerant than in sensitive lines at the EC, 2 dsm!,

The ratio of the Kk* to Na*' in the seedling leaves was quite
instructive (Figure 4). The K'/Na* ratio of the salt tolerant 1lines
decreased with an increase in salinity from the EC, 2 to the EC, 5 dsSm™?
with a small (nonsignificant) decrease at EC, 10 dSm™. By contrast, this
ratio in the salt-sensitive lines increased from EC. 2 to EC, 5 dSm™®, then
was essentially unchanged to EC, 10 dsm.

In general, sunflower appears to have the ability to increase x* to
Counter the toxic effiects of Na‘. This was particularly the case in the
salt-tolerant lines but even the salt-sensitive lines increased k' to
combat salinity (Figure 3). Although the sensitive group showed an
increase in K'/Na* ratio with an 1ncrease in salinity, the ratio was still
lower than in the tolerant group (Eigure 4).

Table 1 indicates that standard deviation values for Na‘' and K*
concentration andg K'/Na* ratio in leaves at the seedling stage in
sunflower lines were greater than those for C1- concentration. Maximum
variation was observed in these traits, which is also evident from their

respective range values. Smaller standard deviation values for r1-

maximum variation was controlled by genetic factors. A larger value of
broad sense heritability indicates the highly heritable nature of various

ion concentrations in sunflower leaves at the seedling stage.
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Experiment 3. Ion concentrations at flower initiation stage

Ion concentration in sunflower leaves at flower initiation showed
significant (P < 0.01) differences among salinity levels for all the
parameters. Differences among lines were found significant at 0.01
probability level for Na‘' concentration and K'/Na‘ ratio, significant at
¢.05 probability level for K' concentration, and nonsignificant for Cl-
concentration. The genotype-salinity interaction was found nonsignificant
for all the parameters studied.

Differences were also found significant among salinity 1levels,
genotypes, and genotype-salinity interaction for seed yield per plant.
Identification of the salt-tolerant and -sensitive lines in the first
experiment was confirmed again in the mature plant experiment, with a
slight variation in seed yield or in loss of seed yield under saline
conditions, but the inbred lines remained in their respective groups on
the basis of their ability to tolerate salinity (Table 2).

The behavior of same groups of salt-tolerant and -sensitive lines
was studied for ion concentration in leaves at flower initiation stage.
The average Cl- concentration in leaves at flower initiation increased
with an increase in salinity (Figure 5). The salt-tolerant and -sensitive
lines followed the same pattern. The average Na‘' concentration decreased
at moderate salinity, then increased at higher salinity levels (Figure.
6). The tolerant lines decreased in Na‘ much more than the sensitive
lines. The average K' concentration (Figure. 7) among the sensitive lines
increased slightly at moderate salinity, and then decreased at higher
salinity levels. However, the tolerant group maintained K' and did not
show any significant decrease. Thus K' concentration in leaves of the
tolerant lines was higher at EC, 10 dSm™ than was the case for sensitive

lines. The behavior of Na‘' and K* concentration is clearer when the
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cumulative effect of potassium and sodium ions is studied as the K‘/Na‘
ratio. The tolerant and sensitive groups increased K'/Na* ratio at
moderate salinity, then decreased at higher salinity levels (Figure 8),

but the K*‘/Na‘ ratio in leaves of salt-tolerant lines was much higher at

moderate and higher levels of salinity than in the salt-sensitive lines.

Table 3 indicates that standard deviation values for Na* and K*
concentration and K'/Na* ratio in leaves of sunflower genotypes at flower
initiation are greater than for Cl° concentration. Maximum variation was
observed in these traits, which is also evident from their respective
range values. The smaller standard deviation value for C1- concentration
suggests low variability in this trait. Higher values for genotypic
coefficients of variation for sodium ion concentration suggest that
maximum variation was controlled by genetic factors. The estimates of
broad sense heritability are lower than those at the seedling stage, and

only Na* showed quite comparable h% ;. estimates for the two stages.

CONCLUSIONS

Snflower has been classified as moderately salt-tolerant by various
researchers (Karami, 1974; Heikal et al., 1980). If we look at overall
ion concentration at moderate salinity, it becomes clear that sunflower
leaves showed decreased sodium (Figure 2) and a higher K‘'/Na‘ ratio
(Figure 3) at the seedling stage, and decreased sodium (Figure 6),
increased XK' (Figure 7), and kept a higher k‘/Na‘ ratio (Figure 8) at the
flower initiation stage. Sunflower was evaluated on the same criteria at
higher salinity levels. The salt-tolerant lines, as identified earlier
by their ability to produce higher seed yield under saline conditions,
showed a greater decrease in sodium (Figure 2) and a higher K*/Na* ratio

(Figure 3) at the seedling stage, and in addition to these, maintained
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higher potassium levels at flower initiation.

Decreased Na' concentration and a higher X‘/Na* ratio were common at
both seedling and flower initiation stages in the salt-tolerant lines,
and were found to act as the physiological mechanism for salt tolerance
in sunflower. It is evident from these experiments that lower Na‘
concentration and a higher K'/Na* ratio in younger sunflower leaves could
be used as criteria for selecting salt-tolerant sunflower lines.

Broad sense heritability estimates are valid when homozygous lines
are studied (Singh, 1986). On the basis of high broad sense heritability
estimates for Na‘* and K'/Na‘ ratio presented in Table 1 and 3, it is
suggested that selection can be kased on physiological criteria for salt
tolerance in sunflower. Thus salt-tolerant lines selected on the basis
of lower Na' concentration and a higher K'/Na‘ ratio can be used in future
breeding programs.

It is interesting to note along with the decrease in Na* concentration
in leaves of salt-tolerant sunflower lines under elevated salinity levels
there might be a synthesis of other compatible osmotica, such as proline
and glycine that build up osmotic pressure in sunflower leaves. The
results of the present work suggest the need for more detailed studies

on this aspect.

MANAGEMENT IMPLICATIONS:

Soil salinity is a global problem. It is adversely affecting the
economy of Pakistan by deteriorating the soils and negating the country,s
aspirations for food self-sufficiency. Under the prewvalent conditions,
soil salinization is on the increase; salt balance studies in the Indus
Plain indicate a net addition of 0.98 to 2.47 tons of salt ha?! yearly

through various sources. Each year, about 0.2 to 0.4% of the Pakistan'’'s
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total arable land is being put out of cultivation because of salinity and
waterlogging (Qureshi, 1978). The physiological criteria of selection
suggested by the present study can be used to identify salt-tolerant
sunflower lines. A decrease in Na® accumulation and a higher X‘/Na‘ ratio
in young growing leaves can also be used in future breeding programs for

the identification and selection of salt tolerance in sunflower.
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Table.1 Mean, Range, Standard deviation (S.D), Phenotypic
coefficient of wvariation (p.C.v.), Genotypic coefficient of
variation (G.C.V.), and Heritability (h?, ) estimates for different

ion concentrations in sunflower leaves at seedling stage.

TRAIT MEAN RANGE S.D. P.C.V. G.C.V h?,
cl- 63.23 13.33-101.00 17.12 27.08 26.79 0.98
Na* 651.27 338.6-2008.4 265.91  71.54 70.39 (.97
K’ 20754.43 52365.9-92263.6 16708.86 80.51 g0.17 0.99

K'/Na* 40.34 6.61-187.03 35.25 87.38 85.57 (.96

16
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Table. 2 Mean seed yield per plant (g) of representative salt-
tolerant and -sensitive lines and overall average at different
salinity 1levels, with pnercent decrease (-) over control in
parentheses.

INBRED LINES SALINITY LEVELS
EC, 2 dsm™ EC, 5 dsm™ EC, 10 dSm™
(cont.)
SALT-TOLERANT
1. GIMSUN-603 6.28 c! 5.56(-11.46) d 6.15(-02.07) ¢
2. GIMSUN-856 8.35 a 6.85(-17.96) c 6.27(-24.91) c
3. GIMSUN-764 6.5€ C 5.22(-20.43) d 4.68(-28.66) c
A# B C
Average 7.06 5.88(-16.71) 5.70(-19.26)

SALT-SENSITIVE

1. GIMSUN-198 7.96 b 3.48(-56.28) £ 1.63(-79.52) h
2. GIMSUN-157 5.35 d 4.32(-19.25) e 1.85(-65.42) h
3. GIMSUN-802 7.12 b 4.58(-35.67) e 2.43(-65.87) g
A B C
Average 6.81 4.13(-39.35) 1.97(-71.07)
A . B C
Average of 15 6.38 4.94(-22.57) 3.15(-50.63)
inbreds in
Expt.2

! Means sharing similar letters are nonsignificantly different.
# Capital letters show statistical differences horizontally.
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Table. 3 Mean,
coefficient of wvariation
variation (G.C.V.),

Range, Standard deviation (S.D), Phenotypic
(P.C.V.), Genotypic coefficient of
and Heritability (h?,.) estimates for

different ion concentrations

in sunflower 1leaves at flower

initiation.

TRAIT MEAN RANGE S.D. P.C.V. G.C.V. h?
Cl- 73.80 32.33-116.00 15.41 20.88 11.06 0.28
Na‘* 124.90 49.50-214.87 55.39 44 .35 39.59 0.80
K’ 7274.6 5946.6-9978.27 931.32 12.80 9.12 0.51

K'/Na* 69.30 33.14-134.49 25.67 37.05 27.99 0.57

18
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BREEDING SUNFLOWER FOR SALT TOLERANCE:
Association of seedling growth and mature plant traits
for salt tolerance in cultivated sunflower
(Helianthus annuus L.) !

Medhet Kamil Hussain and Obaid-Ur-Rehman 2
ABSTRACT

The relationships of different seedling growth parameters to
yield and vyield components were studied in cultivated
sunflower under nonsaline (EC, 2 dSm!) and saline conditions
(EC. 10 dsSm'). Inbred lines having shallow roots with low
fresh weight and greater shoot length at the seedling stage
produced higher seed yield under nonsaline conditions.
Seedlinjg parameters showed very complex associations with seed
yield under saline conditions. It was rather difficult to
select high-yielding lines at the seedling stage under saline
conditions, but o0il yield could be increased indirectly
through more seed weight, greater head diameter, and high oil
content by selecting lines with shallow roots having more dry
weight, and longer shoots having more fresh and dry weight.
Selection of inbred lines having longer shoots with more fresh
and dry weight under nonsaline conditions appeared to be
effective for achieving high seed-yielding lines for saline
soils.

Key Words: Helianthus annuus L., correlations, seedling
growth, seed yield, saline conditions.
INTRODUCTION

Soil salinity is a common problem in irrigated production areas of
the world. It is seriously affecting the economy of Pakistan by limiting
crop prodgctivity to a large extent over a vast area. All phases of plant
growth, from germination to maturity, are affected by the environment in
which the plant grows. Saline soils contain a sufficient amount of salts

to impair the growth of plants (Ponnamperuma and Bandyopadhya, 1980).

Salt tolerance is the ability of crops to produce an economic yield under °

the adverse soil conditions caused by excessive salts in the rootzone

! Contribution of Dep. of Plant Breeding and Genetics, University of
Agriculture, Faisalabad(Pakistan) in collaboration with National Academy
of Sciences/ BOSTID, Washington D.C., U.S.A.

? Associate Professor and Ph.D. Research Fellow, Dep. of Plant
Breeding and Genetics, University of Agriculture, Faisalabad (Pakistan) .
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(Bresler et al., 1982).

Sunflower seedlings have shown severe reduction in shoot growth
(Charsalli and Cherif, 1979) and shoot dry matter (Cheng, 1984), while
root growth was comparatively less affected (Charsalli and Cherif, 1979),
however, root dry matter yield was reduced when grown in soils with high
salinity levels (Heikal et al., 1980). Similarly, increasing levels of
salinity have been shown to reduce 100-seed weignt, head diameter
(Mehmood, 1986), seed yield, and oil percentage (Girdhar, 1988). Seedling
dry matter has been positively correlated with seed yield (Chaudhry and
Anand, 1985), as has 100-seed weight, both at phenotypic and genotypic
levels (Singh et al., 1985).

The screening of salt-tolerant lines/cultivars has been attempted by
many researchers in various species on the basis of their root and shoot
growth at the seedling stage (Wu, 1981; Ashraf et al., 1986, 1989; Ab-
Shukor et al., 1988). The relationships of various seedling growth
parameters to seed yield and yield components under saline conditions are
important for the development of salt-tolerant cultivars for production
under saline conditions. The present study was undertaken because this
needed information is not available for sunflower. The objective was to
identify seedling plant growth parameters of sunflower that could be used
as selection criteria for early evaluation of different lines for salt

tolerance.

MATERIALS AND METEHODS
Fifteen sunflower (Helianthus annuus L.) lines were evaluated for
salt tolerance at the seedling and mature planf stages under normal and
saline conditions. The sunflower lines included inbreds GIMSUN-4, -76, -

198, -476, and -671, were developed from open pollinated Russian and

)



Romanian cultivars, and inbreds GIMSUN-157, -232, -343, -403, -603, -740,
-764, -790, -802, and -856, developed from segregating populations of
commercial hybrids from the United States, after six successive years of
selfing. The study was divided into two experiments for management
simplicity.
Experiment 1: Seedling studies

The first experiment, on the sunflower seedlings, was laid out in a
randomized complete block design with three replications and two salinity
treatments. Ten seedlings of each genotype were grown in each salinity
treatment and replication in polyethylene bags (25 x 13 cm) filled with
1.25 kg of an air-dried and sieved sand and soil mixture in the ratio of
3:1 to facilitate harvesting and recording of data on root growth
parameters. Two basal salinity levels, EC,® 2 (control) and 10 dsm-?,
were developed using a mixture of NaCl, Na,SO,, CaCl,, and MgsSO, in a ratio
of 5:9:5:1, respectively. The fertilizer required was calculated as 86
and 62 kg ha™' of nitrogen and phosphorus, respectively (Chaudhry, 1985)
and applied before sowing. Irrigation water (EC*' 0.29 dSm'') was applied
throughout the experiment as required. Similar cultural and agronomic
procedures were used for all entries. Seedlings were uprooted 21 days
after planting, and data were recorded for the following parameters cn

five randomly selected seedlings:

1. Root length (cm) 4. Shoot length (cm) .
2. Root fresh weight (g) 5. Shoot fresh weight (g)
3. Root dry weight (g) 6. Shoot dry weight (g)

Experiment 2. Mature plant studies
The second experiment, on the mature plants, was conducted in

polyethylene-lined clay pots, 26 cm in diameter and depth, filled with

? Electrical conductivity of saturation extract at 25 °C

' Electrical conductivity of solution at 25 °C.
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8 kg of the same sand and soil mixture as that used in the seedling
experiment. The experiment was laid out in a randomized complete block
design with three replications under two salinity levels. There were 5
pots each of 3 replications of all combinations of 15 lines at 2 salinity
levels making a total of 450 pots in the study. All other procedures were
similar to the seedling experiment, except that nitrogenous fertilizer
was applied in two doses, one-half before sowing and the other half at
flowering. Data were recorded on the following parameters at
physiological maturity:

1. Head diameter (cm) 3. Seed yield per plant (g)
2. 100-seed weight (g) 4. 0il content (%)

Statistical  analysis

The data were subjected to analysis of variance and covariance (Steel
and Torrie, 1980) . Phenotypic and genotypic correlation coefficients were
computed between seedling growth parameters (Experiment 1) and mature
pPlant traits (Experiment 2) as proposed by Kwon and Torrie (1980). The
significance of the phenotypic correlation coefficient was tested using
the t-test as proposed by Steel and Torrie (1980) . The standard error of
the genotypic correlation coefficient was calculated using the procedure
of Reeve (1955) and Robertson (1959). The estimates of genotypic
correlation coefficient were considered significant if their absolute

value exceeded twice their respective standard error.

RESULTS AND DISCUSSION
The results presented in Table 1 show the relationships between
seedling growth parameters and mature plant traits under nonsaline
conditions. These results indicate that root length at the seedling stage
was negatively correlated with seed weight, seed yield, and vil content

at the phenotypic level under nonsaline conditions. Root fresh weight
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showed negative phenotypic and genotypic correlation with 100-seed
weight, and seed yield. All other root growth parameters had a
nonsignificant correlation with mature plant traits under nonsaline
conditions. The results on root growth parameters show that lines having
comparatively smaller roots at the seedling stage with high fresh weight
proauce higher seed yield under nonsaline conditions.

The results obtained on shoot growth parameters (Table 1) show that
shoot length was positively correlated phenotypically with head diameter
and seed yield, but genotypically with head diameter only. All other
shoot growth parameters had a nonsignificant association with mature
plant traits under nonsaline conditions. The results on shoot growth
parameters show that lines with greater shoot length may also produce
higher seed yield by increasing their head diameter.

Therefore, the results presented in Table 1 suggest that lines having
comparatively small roots with low fresh weight and greater shoot length
at the seedling stage may produce more seed yield under nonsaline
conditions.

The results on root growth parameters under saline conditions (Table
2) show that root length was correlated negatively with head diameter and
positively with o0il content at the phenotypic and genotypic levels. Root
length also showed a negative genotypic correlation with seed yield. Root
fresh weight showed a negative phenotypic correlation with head diameter
and a positive phenotypic correlation with oil content. Root fresh weight
showed a negative genotypic correlation with both seed yield and oil
content. Root dry weight showed positive associations with seed weight
and oil content at the phenotypic level and negative associations with
seed weight at the genotypic level. All other root growth parameters had

nonsignificant associations with mature plants under saline conditions.
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The results on root growth parameters under saline conditions reveal that
lines with comparatively small roots having low fresh weight and more dry
weight may produce higher seed yield.

The results obtained on shoot growth parameters under saline
conditions (Table 2) show that shoot length was positively correlated
with 100-seed weight at the phenotypic level and with oil content at both
the phenotypic and genotypic levels. Shoot fresh weight showed a positive
phenotypic correlation with both 100-seed weight and oil content.
Similarly, shoot dry weight showed a positive phenotypic correlation with
100-seed weight and o0il content. All other shoot growth parameters had
a nonsignificant relationship with mature plant traits under saline
conditions. The results on shoot growth parameters under saline
conditions reveal that lines having longer shoots with more fresh and dry
weight may produce higher seed yield.

The results presented in Table 2 suggest that seedling parameters
have very complex associations with seed yield, and it is rather
difficult to select high seed-yieldihg lines at the seedling stage.
However, oil yield can be increased through more seed weight, larger head
diameter, and higher oil content. This can be achieved by selecting lines
with comparatively small roots having low fresh and high dry weight, and
longer shoots ha'ving higher fresh and dry weight.

Another set of correlations between seedling growth parameters under
nonsaline conditions and seed yield and its components under saline
conditions was attempted to determine whether, if selection is made under
normal conditions, the improvement achieved will be carried over when the
later generations are transferred to saline conditions. The idea of
genetic correlation provides the basis for an answer to this question

(Falconer, 1989) where phenotypic correlation falls out of significance.
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The results presented in Table 3 show the relationship of seedling
growth parameters measured under nonsaline conditions with mature plant
traits under saline conditions. The results on shoot growth parameters
show that shoot length under nonsaline conditions was correlated
positively with 100-seed weight under saline conditions at the genotypic
level. Shoot fresh weight showed a positive correlation with head
diameter and 100-seed weight at the genotypic level. Similarly, shoot dry
weight showed a positive genotypic correlation with 100-seed weight and
seed yield. All other shoot growth parameters had a nonsignificant
association with mature plant traits. Similarly, all root growth
parameters had a nonsignificant association with mature plant traits.
Therefore, the results presented in Table 3 suggest that shoot growth
parameters at the seedling stage under nonsaline conditions are more
important than root growth parameters when selecting high seed-yielding
lines for saline conditions. It is further suggested that inbred lines
having longer shoots with higher fresh and dry weight may produce higher

seed yield under saline conditions.

CONCLUSIONS

Theresultspresentedabovesuggestthathighseed-yieldingsunflower
lines could be identified at the seedling stage. Shoot growth parameters
are relatively more important than root growth parameters. It was found
that lines with longer shoots at the seedling stage may produce more
vield under nonsaline conditions. Seedling parameters showed no direct
association with seed yield under saline conditi'ons. However, seed yield,
as well as oil yield, can be improved by increasing head diameter, 100-
seed weight, and o0il content through selection of 1lines having

comparatively small roots with lower fresh and higher dry weight, and
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longer shoots with higher fresh and dry weight. It is further suggested
that selection of high seed-yielding lines for saline soils is also
possible under nonsaline conditions by selecting lines having longer
shoots with higher fresh and dry weight. These selection criteria can
save considerable time in identifying salt-tolerant sunflower lines at
the seedling stage. These criteria will be further evaluated in field
nurseries in the future.
MANAGEMENT IMPLICATIONS

The menace of soil salinity is not confined to Pakistan, but is a
global problem. Each year about 0.2 to 0.4% of the vrakistan’s total
arable land is being put out of cultivation because of salinity and
waterlogging (Qureshi, 1978). Identification of salt-tolerant lines on
the basis of economic yield production is a time-consuming process. The
results of this study show that the association of seedling growth
parameters with seed yield and yield components can be used to evaluate
sunflower lines for salt tolerance at the seedling stage. Selection of
salt-tolerant lines is possible when seedlings are grown under both
saline and nonsaline conditions. The procedures suggested here can
provide a time-saving tool in the early evaluation of sunflower for salt
tolerance. These can enhance the screening efficiency for large numbers
of germplasm for salt tolerance, so that only selected lines will be
taken to physiological maturity for conformation.
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Table.l Phenotypic and Genot
seedling and seed yield par

Ypic correlation coefficients between
ameters under nonsaline conditions in

sunflower.
SEEDLING SEED YIELD PARAMETERS
PARAMETER _
Head Seed Seed 0il
Diameter Weight Yield Content
(cm) (9) (g) (%)
Root P | -0.276"% -0.530" -0.616"" -0.297°
Length G #  -0.294% -1.010% -1.352% +0.479%
Root P +0.011% -0.449"" -0.482"" +0.083Ns
Fresh G -0.025"% -0.939* -1.059" +0.084"
Weight
Root P +0.207" +0.139% -0.248" -0.140M
Dry G +0.306" +0.236M -0.309% -0.148"%
Weight
Shoot P +0.315" +0.174™ +0.297" +0.032%s
Length G +0.867" +0.471% +0.649% +0.099%
Shoot P +0.225"% +0.286M -0.060" +0.166
Fresh G +0.458"% +0.556" -0.117% +0.259%
Weight
Shoot P +0.249"% +0.194"s -0.092%s -0.043%
Dry G +0.065% +0.475" -0.109"% -0.028"
Weight

*, ** P < 0.05 and 0.01, respectively.

NS Nonsignificant.

! Phenotypic correlation coefficient.
# Genotypic correlation coefficient.

12
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Table.2 Phenotypic and Genotypic correlation coefficients between
seedling and seed yield parameters under saline conditions in
sunflower

SEEDLING SEED YIELD PARAMETERS
PARAMETER .
Head Seed Seed 0il
Diameter weight Yield Content
(cm) (g) (g) (%)
Root P! -0.339° +0.226"% -0.253% +0.303°
Length G # -1.162° -0.655% -1.056° +1.023°
Root p -0.445"" +0.010% -0.284N8 +0.382°
Fresh G -1.834% -0.043M -0.850° -1.169"
Weight
Root p +0.017" +0.416" +0.145"% +0.715*
Dry G +0.206" -0.826"° -0.171% +0.047M8
Weight
Shoot p -0.081" +0.385° -0.044" +0.646""
Length G -0.103% +0.443M -0.044% +0.799°*
(0.279)
Shoot P +0.019% +0.402° -0.043" +0.308"
Fresh G -0.142% +0.582% -0.034" +0.448"
Weight
Shoot p -0.184" +0.418"° -0.027% +0.403°
Dry G -0.166" +0.538% -0.044" +0.536%
Weigpt
*, ** P < 0.05 and 0.01, respectively.
NS Nonsignificant.
! Phenotypic correlation coefficient.
# Genotypic correlation coefficient.
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Table.3 Phenot
seedling para
yield paramet

ypic and Genotypic correlation coefficients between
meters measured under nonsaline conditions and seed
ers under cfaline conditions in sunflower.

SEEDLING SEED YIELD PARAMETERS
PARAMETER
Head Seed Seed 0il
Diameter Weight Yield Content
{cm) (g9) (g) (%)
Root P 1 -0.105% +0.005" -0.237% -0.332°
Length G # -~0.230" +0.009"% -0.488" ~-0.646"%
Root P -0.578"" +0.069M -0.136" -0.373°
Fresh G 40.295% +0.119"% -0.239%s -0.669%
Weight
Root P +0.148% +0.379° -0.729"" +0.029%s
Dry G +0.166M +0.489% -0.066% -0.619%
Weight
Shoot P +0.410° +0.525°*" +0.311"* -0.063%
Length @G +0.645"% +0.882° +0.765% +0.053%
Shoot P +0.269" +0.657"" +0.353° +0.2738s
Fresh G +0.938" +0.959" +0.389% +0.316M
Weight
Shoot P +0.275"% +0.649"" +0.283" +0.128%
Dry G +0.568% +0.927" +1.209" +0.120"S
Weight

*» ** P < 0.05 and 0.01, respectively.
NS Non-significant.

Phenotypic correlation coefficient.

Genotypic correlation coefficient.
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DEVELOPMENT OF WHEAT AND BARLEY VARIETIES FOR
ROTATION WITH RICE IN MOISTURE DEFICIENT
AND SALINE SOILS OF SINDI

karam Khan Kalert

VB STRACT

Wheat/Batley tropping pattern with Rice under residual
molsture of rice may be efficlent and potential with the
development of dxought tolerant materials tested from
multilocations, because molsture limitations predominantly affect
per unit area production. In Pakistan ylelds of cereals In these
areas are low due Lo non evaluated heritability of the trait and
its relationship to yield consistency in performance of new
varleties which play decisive role In thelr adoption by farmers,
Yield s 1Indlcator of drought resistance and greater ~ progress
should be made for selecting all the attributes specially related
to moisture drought tolerance.

Our criteria of selecting progenies wunder drought
locations demonstrate that target potential ylelds can be
achleved through emperical approaches of varletal evaluation.
Among three trials of wheat having thirty different entries each;
only NARC-9 (125 maturity days) showed efficlency of tolerance in
"drought stress by recording 1790 Kg/ha graln yleld in southern
rice-wheat cropping patterrn of Sindh " (Thatta); whereas in
northern part, Dokrl; 90-Cc-043 ( 118 maturlty days ) cultivar
under environmental stresses out yielded by producing 1259
Kg/ha. ‘ :

Well established Barley cultivar ROHO/MAZURKA-ICB77-
0169-4AP—5AP-1AP<W1218/EK/APM (120 maturity days) equally out
Ylelded (1305.67 Kg/ha) and HARMA-02/ 11012-2/ MZQ/ 3/MA6002/
VOLLA/ WW6319/ CBB4-0422-9AA-0AP in Thatta among all the
cultivars tested 1in various locations. B-88059 (107 maturity
days); and AZARI-»2 (105 maturity days) equally produced a
maximum grain yield of 1166.67 Kg/ha in moisture limited areas of
Dokrli. - ‘ ’ - '

INTRODUCTION

In Pakistan wheat, is usually grown under irrigated
conditions or in a droughlt stressed situathn in a rice-wheat
rotation. Compared to lrrfgaﬁed wheat, the yield potential of

wheal grown'ln drought stress is low due to limited avallability

Director,_Wheat Research Institute Sakrand,
Sindh (Pakistan).
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of breeding materialsftolerant.to drought stress, salinlty and
related environmental stresses. In Sindh, Paklistan, salinity 1is
the main reason for reduction ln.economic ylelds and saline solls
are rapldly Increasing due to improper cultural practices and
unsultable croppling patterns. In most agricultural ecosystems,
salinlty iIs not at a steady state and the dynamics of-lhe crops
soll system favor ‘the Jincrease of salinity with time. Some
questlions tarise whether'b;eedlng alone can offer a 1long term
solution to farming In saline environment (Blum, 1991). In areas
vwhere _exchangeable Na percentage (ESP) and PH are at critical
level, cropping patterns of rice - wheat or rice - barley with
developed and well establlshed cultivars some exten@ may

ameliorate the soll toward production.

Drought 1s  a major production constraint on
appioxlmately 37% or 4 million ha of wheat 1nv developing
countries (Rajaram and Nelson, 1982). Effects of droughts are
usualiy severe. It not only cuts off water needed £pr normal
metabolism, but also decreases the supply of nutrients from the
soll. Proﬁlems of drouéht stress can sometimes be overcome
through crop management bractlceS'and use of drought resistant
_vérléties. Resistant cultlv?rs can possess  a  capacity for
~ma1nta1n1qg a hlgher leaf water potentlais, [Keim and Kronstad
(1981), Sojka, et al. (1981)] a greater capacity for osmotic
adjustment [Sojka, et al. (1981), Blum, et al. (1981)]. Resistant
cultlvars are known and c;n §§-E§E§- as yardsticks by which
tolerance can be measured 1n germplasm . Wide adéptabiflty ‘Is
desirable tralt- and It has Leen suggested that _drought stress

ﬁolerance In a cultivar may be expressed as stabllity 1in
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performance over various environments (Blum (1979), Macbhowall
(1973) and Quisenberyy (1982)). Under limited soil moisture |t

. may be necessary to look al alternative production systems to

"maintaln economic viability. Byerlee (1984) showed ~ that .

drilling wheat dlrectly 1into rice stubble after harvest
ellmlnaﬁed time for land preparation and improved 'crop shand
eétablishment. The objective of this study was to evaluate
cultivars and lines of wheat and barley for use in rotation with

rice under 'drought and salinily stressed conditions.
"MATERIALS AND METHODS

Fleld experiments were conducted during the 1992-93
rice growing season at'twq,dlfferent agro-ecological locatlgns in
.Sindh. Sites are in th North and South of the province, about
350 klilometers apart. Thatta, the Southern site; has an arlag-
tropical type of climate. It is constantly dry but due to coastal
effect the summers are not Eoo hot. The Northern site; Dokrt 1is
arld, sub.troplcal continental with hot summers Table 1. For each
site soll was ldentified as a clay loam at both locations. The

Data for soil chemical analysis of EC, PH, and ESP is Integrated
An Table 2.

Ninety wheats and forty barleys were tested across
both 1locations. cultivars were grouped and grown in .groups of

thirty and twenty for wheat and barley respectively.
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Table 1. Heteorological data(Dec. 1392 - Dec.9) on 7o~ orature, Relative Husidity
and Precipitation of Morthern and Scuthern part of Singh Province.

Tesgerature C° tPelative HuaiditysPrecipitation
Honth Haximum @ Hinieun 1 Average : !
------- $ommnenmcompommmeomamomas Dbri ¢ Thatta ¢ Dokri 3 Thatla
sDokrisThatta: ke iz ThattasDokr iz Thatta o : ! '
Decesber92: 26.0 25,3 13.7 122 133 188 3.2 2.4 05 0.5
Janary 930 28,3 25,2 :10.6 ¢ %0 1.5 170 W K2 2 09 0
February ¢ 32.3: 30.3:12.9 ¢ 12.0: 22.5: 20.1: 370 ¢ SL7 : 10 : IS
March ¢+ 35,71 32,3:18.6: 18.6: 26.8: 22.0: 443 : 623 : 0 : 8
foril 5.0 J/.2:2.3: B0 U5 b4 2 55 6 0
Hay 1403 30.5:8.5: 25.0: WA 2 552 ¢ 6.1 ¢ 0 ¢ 7.5
June 2 42.8: 40,1 :30.6 ¢ 27.4: 36.7: 3.8 BOL 2 722 0 : O
July 140,50 31,2:20.3: 2,2: .9 N2 700 ¢ 73 s 3B O
fogust ¢ 38.6: 35,2 026.4 ¢ 26,3: 32.5: W08 750 ¢+ ML 05 O
Septesber : 35.4: 32,0 :24.5 ¢ 2% 20.0: 28.0: 75.2 ¢ B2.2 12%.3 :38.0
Betober @ 38.7: 30.5:21.3: 20.5: 30.0: 25.6: 40.8 : Sl.l ¢ 0 : O
Novesber 3 35,0t 22.7 :16.5 ¢ 14.8: 25.8: 22,2 : 284 : 315 :50.2 ¢ 83
Decesber : 25.3: 25.7 ¢13.8: 12.7: 19.6: 19.2: 334 : 652 : 0 : 0
Table: 2. 50i1 chemical analysis (random) of Dokrti
and Thatta locations.

‘ Thatta Dokri
pH 7.9 8.4
EC m.mhos/cm 0.58 1.28
ESP 9.0 8.5
SAR 12.0 10.67

B N N N T N T o o o T T T o T o i 00 T 20 7 5% S 2 o o o v Tt T T A e W B G e v s A o e e 4 v e = o o A e e e
e A Y 1+ T T -1 1 - -]

WHEAT
Thatta  Dokrl  Thatta  Dokrl .
______ ——— ————— ——————
Plot size (m) ' 4x3 4x3 4x3 4%3
Row spacing (cm) 30 - 30 30 30
Seeding rate kg/ha 150 150 100 100
Seeding date’ ~
Trlal 1&2 = bec 20,92 Jan 9,93 Dec 20,92 Jan 7,93
Trial 3 = Dec 20,92 Jan 1,93
N P K N P K N P K N P K
Fertilizer 140-70-0 140-70-0 50-25-¢ 50-25-0
BEST AVAILABLE DOCUMENT



A randomized complete "block design with three
replications was used In each trial. The wheat and barléy crops
were grown on residual moisture after rice harvest. Recoﬁmended
cultural practlées for crop estallishment and malntenance were
Jsed. The description is presented in Table 3. The data were
recorded for germination, heading, maturity and graln yleld. Top
[ive 1lines based on thelr performance.for the above tralls at

both sites were selected.

RESULTS AND DISCUSSION
HHEAT

IN ON: oOul of ninetf entries five cultivars were selected
for hiéh germination percentage from boéh locations, the result
reveals that most of the cuitlvars/llnes across stress conditlions
pezfotmea better than checks. Among locations germination
percentage in Dokri was highééflsﬁﬁohg all cultivars NARC—lp and
NARC-15 showed vlabﬁlléy‘ by recording equally 80 ‘percentage
germination respectively at Dokri Table 5. Sa&e wa$ true with
check  (MEHRAN-89). However AZARI-W4 and C-1/2(91-92)KAUZ 4t
Thatta showed viabillity of germlnatlon.up to 70 % overl checks

Table 4.

'HEADING AND ‘MAIQRLIX: All the fop ylélded cultivars and 1lines

showed eéarlier heading and maturlty at bokr! in comparison to

Thatta. ‘The heading appeared averagely in 67 to 74 days and

maturlty fallen in Lhe range 119 to 128 days In both the

locations Table 6. The early heading tended early maturity. lligh

mean maximum daily temperature and severe molsture stress
conditions at Dokri likely caused early maturation by shortening

the vegétatlve stage of the plant.
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Table 4. Germinatlon(%) of the t
checks at Thatta site.

op Eive wheat cultivars/lines and

...—_-.—_--..._.-...__.___—-.:_:-_::—..——..._._...._....._____-__._

Varlely(Vv) Top Germination v-Mean DIifE
Germlnators at
at Thatta Dokr §
AZARI WA 70.0 a 40.0 4 .55.0 30.0 *x
C-1/2(91-92)KAUZ 70.0 a 50.0 ¢ 60.0 20.0 %x
NARC--6 65.0 a 40.0 d 52.5 25.0 *x
NARC-9 65.0 a 60.0 b 62.5 5.0 ns
NARC-15 65.0 a 80.0 a 72.5 -15.0 **
" MEHRAN-89 70.0 a 80.0 a 75.0 -10.0 *+*
SARSABZ 30.0 b ‘ 30.0 e 30.0 0.0 ns
L-MEAN 62.1 54.3 58.2 7.8

———__—_...—__.._.._...__.._._-__-._..— - -_.._-_-._-.-.—__...—.-..-.-.—_-..-_...—._-......_-..

Table 5, Germinatlion(v) of the

LSD(1%) cva
7.6 5.8

checks al Dokrl site.

op five wheat cultivars/lines

Top

at Dokrl

NARC-17

NARC-23
MEHRAN-89 (CHECK)
SARASABZ (CHECK )

..._——_..-_—.._._—__——___-.__..-..___-.—..__—..._—_——_--_——_—_—__—__-_—.——_—.—_

' S.E.D.  LSD(5%)
3.5 7.2

LSD(1%) cvs
9.6 7.3

Germination V-Mean DifE.
at
Thatta
50.0 b 65.0 30.0 *x
o 12.5 15.0 **
55.0 b 62.5 15.0 **
40.0 ¢ 55.0 30.0 **
2or0cd 1 o52.5 35.0 **
70.0 a 5.0 35.0 &
30.0 d 30.0 0.0 ns
43.3 58.9 193
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Table 6 . Grain yield (kg/ha), Heading (Days) and Haturity of the tep five vheat cultivars/lines and checks as affected by varicws
#isture stressed and saline areas of Sindh.

H!‘ YIELBERS AT THATTA

Wriety!V) Tey tield Yiean  Dill,  :leading (Days) sHaturily (Daysi

Yielder at : !

al Thatta  Dekri tThatta Delri  V-Mean Diff :Thatta  Dolii  V-lean Difl,
W 9 " M.004 327.23d 120067 %067 10 74,048 67.0c¢ 705 700 125.0¢ 120.0ab 122.5bc 5.0 10
WEC 24 [EM.67b 883,00 ¢ 121625 TIG.67 1 0.0 (G0 C 700 100 18 1300 ab 1200 ab 125.0 ab 10.0 ¥
CUAGEIVAL 1H3. T ¢ 926000 1367 617,33 m 7402 70.0ab 725 3.00s 125.0c¢ HT.0b 120.0c¢ 8.0
Wt 27 15913.33 ¢ 6.0 b 10367 617,33 ¢ 73.0 2 €3.0bc 7.5 7.0%¢ 1:B.0bc 12003 C1245ab°7.0 v
Wee 1 1480.00 d B33.67 J 1152.83 E40.34re 7203 65.0c¢ 6B.5 7.0% 130.0ab 120.0 ab 125.0 ab 10.0 w1

IR BI(CIECE) 160,67 b 981,00 @ 1202.8 62367 %1 75,0 a 73.03 740 2.0ns 13203 12202 12.0a 100w
NESAR (CECK) 123300 e 925,67 b 103233 3.3 e 75,04 6G.0c¢ 70.0 1008 12904 12103 125.0ab B.0 e

LHEM 16043 9210 10400 O3 TA3 BT L0 66 1284 1200 143 83w,
S.E.D. LaD(sn)  LSDUIY) CVX ‘ SED. LSDSH) LSDUL ©  S.ED. LSSy Lsoad) ovn
0.7 208 3118 1.2 . 6 0 1B 27 36 1.9 16 14

10° YIELDCRS AT DOYRI

Yariety(V) Tep Yield _ V-Mean Difl, :lieading (Days) sHaturity (Days)

Yielder at : 1

at Dekri  Thatta tDokri  Thatta V-Hean Diff :Dokri  Thatta  V-Hean Dilf.
%0-C-043 163,003 138,000 130050 -1.004 70,02 75,08 725 -5.0%¢ 118,0b 128.0 be 123.0 bed -10.0 1
ALRT-W2 .76 397,671 109267 210,00 #¢ 610 ¢ 70.0b 6£5.5 -3.0 2¢ 120.0ab 125.0¢ I22.5¢d -5.0 mt
30-C-007 17267 ¢ 1043.33e LN 12344 7002 75,02 72,5 -5.0e¢ 118.0b 126.0 bc 12204  -B.0 vt
NEC-8 172,67 ¢ 1271.33d 1200+ -93.66 % 72.0a 74,03 73,0 -2.0ns 113.0 ab 128.0 be 123.5 bed 9.0 sz
%-C-013 110,67 d 1230.33 ¢ 126,00 -160.66 ## 65.0b 73.0 b 63.0 -B.0®¢ 120,03b 123.0b 124.5bc 9.0 ®

HERA-B3(CHELY) 1013.33 e 1382,67 a 216,00 -333.34 % 73.0a 75.03 74.0 -2.0ns 12202 132.0a 127.0a -10.0 1
SISABI(CHECK) 325,67 ! 1253.00d 1032.33 -X3.33 & E5.0b 75.03 70.0 -10.0 ¢ 120.0ab 123.0b 125.0abh- -B.0

CIEM - ».3 2.0 1173 13 68.0 739 70.'9 -3 1T 1y 133 b4 n

S.E.D.  LSD(SL)  LSD(IY) Ovi G.E.D. LSDSL) LSDUID) CVX 5.ED. LSD(3T)  LSDCIZ) CVX
18 43 N6 LY e 23 33 a0 1.9 3.0 L W
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Yield: Cultivar lécations and their lnteraction' shéwed great
variation .in graln.yield. In all the tesé cultivars/lines al
Thalkta undgr droughlt and sallne slressces uhuwed. efficlency of
stablllt& by produciny mwaximum ylelds, whereas same set of

cultivars could not perform betféf-af"ﬁokii location. Among Dbolh

locallon In varlous Lrials*NARC-9 was ranked first (1790.00

kgsha), 77% and 70% wmore than checks MEHRAN-89 and SARSABZ

respectively 1in Thatlta. Many 1lines at both locatlons were
‘

superlor with a great éxlstlng differences to checks in a11l the

trials Table 6. Thé results reveals that most of the new 1lines

and cultivars in relation to environmental stresses performed

better than Lhe standard cultivars check.

At Dokri site; among all screening trials the, waximum
graln yleld was recorded in 90-C-043 (1259.00 kg/ha) over check
SARSABZ and MEHRAN—BQ; l.g. 73 % and 83 % more than checks 1in
test trlals Table 6. The reduétlon in yleld of SARSABZ may be due

to low germinatlion percentage Table 4 and 5.

BARLEY

Germination: . fher same sel of cultivars/lines recorded great
varlation for germination and headlng at varlous locaélons .ln
Sothlbarley trials. Most of the barley cultivars did not resﬁonse
Thatta drought stress localtlon but performance was .satisfactory
at Dokr?. Germination. in Dokri was satisfactory (65%) with
CLIPPER (check); whereas ICBB2-0836-0SI-1AD-0AP and BEECHER
recoxded highest gérmination up to 70 percent at Dokri évéz tﬁe

tested check Table 7 and 8.
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Table 7 . Germinatlion of Lhe top five barley cultlbars/lines and

checks at Thalta sita.
Variety(V) Itigh Germination V Mean DIff.

. germinators at
al Thalla Dokr i

e e - = = = - o —. — . e e i . . —————— . - —— e e - —— - - — 4o
ER/APM/KV/UNION ICBB3 60.7 a 45.0 b 52.8 15.7 *#
-0548-BAP-2APP-ONP-2A
P OAP-4APN--OAP
SANGHRI-92 60.0 a 25 c 42.5 35.0 **
POR/USR11776/50TOL 60.0 a 25.0 ¢ 42.5 35.0 #*=*
"s"/3/FL"S"/4/GAL/
P16384/5GLO
ICBB2-0836-0SH-1AP 50.0 b 70 a 58.3 ~16.7 **
OAD -
MARI 50.0 b 65.0 a 57.5 “15.0 **
CLIPPER(CHECK) 60.0 a 65.0 a 62.5 -5.0 ns
L-MEAN 56.8 48.6 52.7 8.2
S5.E.D LSD(5%) LSD(1%) CV%
1.0 8.2 11.2 9.3
Table 8 . Germination of the top five barley cultlivars/lines and

checks at Dokri site.
Varlety(Vv) High Germination V-Mear DIiff.

germinators at
al Dokri Thatta

ICBB2-0836-0SH 70.0 a 50.0 b 60.0 20.0 *x
1AP-OAP
BEECHER 70.0 a 40.0 c 55.0 30.0 #*=%
MARI-2 63.3 ab 50.0 b 56.7 13.3 *x
N.U.B.¥T-2(91-92) 60.0 I, 50.0 b 55.0 10.0 *
ER/APN 6.0 b 50.0 b 55.0 10.0 *
CLIPPER (CHECK) 65.0 ab 60.0 a 62.5 5.0 ns
L-MEAN 64.7 50.0 57.4 14.7
S.E.D. LSD(5%) LSD(1%) CvV%
3.6 7.4 10.0 7.6
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Table 9 . Geain yield (kg/ha), Heading (Days) and Maturity of the top five barley cultivars/lines and checks as alfected by varicus
soistwe stressed and saline areas of Sindh.

TOr YIELDERS AT THATIA

Variety(\)

T Yield
Yielder at
al Thatta  Deli

V- Hean‘

PN 02711012 1200.67 & B1L.00 ab 1200.3% MG e 70.0 b

Difl.

sheading (Days)

sthatta  Dolri

V-llean Diff

Hatur ity (Days)

sThatta Dolri

V-tean Dilf.

70,0bc 740 0.0 ¥ 120,02 104006 $12.0 1600
-0g 111012 210
1nin2raLLA
/G319 1CCRN-
04422 - %0 -0
POR/INIXA ICD  [305.67 a 870.00 ¢ 1064.33 J72.67 ¢ 71,0 ¢ 67.0d 63.0 4.0 12002 102.0a 115 11.0ms
17-0163-4A°-54F
IRF-H12190ER/
tl
BB 1250.67 ab 100,70 Lc $125,39 150,57 +v B0 b 62.0cd 74.5 1.0 t¢ 11R0bL 10500 1135 13.0 &
NALBY.T-220-91 125000 ab 116667 a 120831 83,335 902 73.0a 025 15.0# 1200 1050b 12,5 15.0 v
B-088053 1250.00 ab 1000,00 bc 1208.67 7.« 78.0b 67.0d 72.5 11,0 #¢ {18.06 l05.0b {115 13.0#n
CLIFER TMAbL 470.67d 51080 %.2%ns 03.0a 72.0b B0.0 16.0 10 [20.0a 110.0a 1150 10,011
L-1ER) nns  wn 104605 26%.06 808 700 7%.4 108 119.3 1063 1128 13,0
S.E.D,  LSD(SY)  LSD(in) CvI S.E.D. LSD(SX) L3C(12) 5.E.D, CV2 1SD(SY) LSDCIY) CV%
.24 1.6 193.28 1.8 L0 206 27 07 45 LS 21 08
107 YIELOERS AT DOKRI
Variety(V) Top Yield V-Hean  Dill.  :Heading (Days) sHaturity (Days)
Yielder  at . ! : .
at Dokri  Thatta . iDokri  Thatta V-fean Diff :Dokri  Thatta  V-ean Difl,
B-038033 1166.67 a 100033 ¢ 1083.50 166,34 #¢ 62,0d 63.7¢ 65.0 -7.7m 107.0b 126.0a 1160 ~-10.0 as
AIRI-B2 1166.67 a - 1250,00 a 120,34 -B.Bns 75.0a 0.0 .825 -15.0 ex 1050 ¢ 120.0c 125 -15.0 1z
BARBEROUE/RIO0E  1111.03a HNI.67b 1123.35 -U.6dns 71,00 0000 755 -9.04¢ 109.0a 125.0a 1170 - -16.0 #
S/GLORINCDE ,
WRA-0U/11012  1107.67 a 1305.67 @ 1206.67 -133.00 #¢ 70,0 be 91,0 a 80,5 -21.0 4% 104.0 ¢ 120.0 ¢ 112,0 -16.0 1
-02/11012-2/110
[3/HA6102/VILLA
%313 1008M-
0442290 04 ‘ )
BEEOER 1003.00 a 535.66d .013.33 S s 0.0k 73.0b 745 -9.0 4 110.0a 122.3b 1162 -12.3 m
CLIPPER 83.33b 457.3d  SR.W 13200+ 63.0c 67.0d €80 2.0¢ (03.0a 113.0c 1140 -10.0 w
L-HEN! 1037.40 99,78 4.9 8662 KIS M4 4S5 99 1003 12, 1146 -146
S.ED,  LSD(AL)  LSDUIM VX . S.E.D. LSDESL-LSDUIT) OV S.E.D. LSDEEM)  LSDUIL)  Cwi.
.23 11205 15086 2.3 09 18 24 L7 03 LB 24 D08
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Heading and Maturity: lleading and maturity of top ylelded entries
appeared averagely 08-15 days earller In Dokri than Thatta. All

varleties showed growth duration between 104 to 127 days In both
locations (Table 9). The reason for early earhead cmeggence and
maturity 1in northern part (Dokri) may be severe stress condltlons
due to excess temperature and evapotranspiration. These stresses

pushed plant toward physiologlcal maturity.

Yleld: The performance of cultivars/linés in terms of grain yleld
was satisfactory in Thatta location. Among locations across entries
the yleld differences ol entries and locations were significantly
different. Two entries ROHO/MAZUKA ICB 77-0169-4AP-5AF/AP-
W12198/ER/APM and HA&MAwOZ/ 11012-2/ MZQ/ 3/MA6002/ VOLLA/ WW6319/
CBB4-0422-9AA-OAP equally recorded 1305.67 kg/ha over check CLIPPER

(457.33 kg/ha) at Thatta location Table 9.

The maximum ylield’ production at Dokri 1location was
assessed In AZARI-B2 and B-88059 lines which equally ylelded 1166.67

kg/ha; 161% and 248% respectlvely more than check (CLIFPER) Table 9.

]
RECOMMENDATIONS

Farmers in molsture limited areas heslitate to make any
substantial {nvestment in grain crops because of the high risk of
crop fallure and thus keep thelpflgnggufgllow. Drought and salt
toleiant varietlies are a posslb}e solutlon to’hhelf pioblem In" this
regard out ylelded wheat cullivar/line NARC-9, NARC-26 and MEHRAN-B89

yleld potential of 1790 Kg/ha and 1604.67 Kg/ha having 125, 130 and

BEST AVAILABLE DOCUMENT
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132 maturity days respectively for Thatta; whereas 90-C-043 and

AZARI-W2, maturity days 118 and 120; having yleld record of 1259

'Kg/ha and 1197.67 Kg/ha respectively are ‘recommended for Dokri.

Barlezy followed by rice crop al residual moisture ean be ' grown

successfully taking ROIIO/MAZURKA ICB77-0169-4NP-5AP-1AP-W12198/ER/ APM

(1305.67 Kg/ha) and HARMA-02/11012-2/MZQ/3/MA6102/VOLLA/WW63191CB084 -

0422-9AP~-CAP -

(1305.67 Kg/ha) entries for Thatta and B-88059 and

AZARI-B2 having graln yleld of 1166.67 Kg/ha are recommended [or

Dokzri.

BLUM, A.
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Abscracu

The: in situ acetylene reduction assay values for rice grown in
nitrogen depleted soils were higher than the values obtained for
varieties grown in fertile soils. Isolations carried out on soil
extract meaia showed a preponderance of Azospirillum,
Flavobacteriurn and Azotobacter. Of 19 strains tested, 9 produced
indoleacetic acid. Pseudomonas sp. produced the maximum quantity of
indoleacetic acid (35 pg/ml) in liquid medium containing NH,Cl. The
productic.. was reduced in semisolid medium without NH,C1.
Azotobacter strains tested did not produce indoleacetic acid. The
2,4 dichlorophenoxy acetic acid (0.5 and 1 mg/l) with diazotrophic
bacteria induced nodule like structures on the wheat roots. The
bacteria were found in the nodules in the form of micro colonies or
bacterial aggregates. N dilution data indicated that 12.5-46.5%
atmospheric N was incorporated in the nitrogen pool of inoculated
plants. The proliferation of Azotobacter, Azospirillum, and
Rhizobium spp. was maximum at 4-6 days, and the proliferation of
Azotobacter and Azospirillum was better as compared with Rhizobium

sp.
Introduction

Nitrogen fixation associated with roots of grasses has been
recognized as a possible significant component of the nitrogen
cycle in a range of ecosystenms including several extreme
environments (Dart, 1986). Salinity represents an extreme
environment: and is characterized by low organic matter and very low
nitrogen content in the soil. However, certain plants have been
found to grow well under these conditions (Malik et al; 1986).
Since the development of acetylene reduction assay (ARA), many
plants have been shown to harbor diazotrophs in ard around their
roots (Jagnow, 1983; Malik et al. 1991; Patriquin and Dolereiner
1978) . Among the plants growing in saline environments, rice and
wheat have also exhibited high nitrogenase activities as estimated
by ARA (Malik et al. 1991).
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In addition to the beneficial effects of N,-fixing bacteria
associated with the roots of cereal crops, these ﬁacteria are also
reported to produce growth-promoting substances that help in
increasing crop yield (De-Freitas et al. 1990; Lifshitz et al.
1987).

More recently, nodule like structures have been produced on
the roots of wheat by the use of the synthetic hormone 2,4
dichlorophenoxy acetic acid (2,4-D). These pseudonodules have been
reported to reduce acetylene (Ridge et al. 1992; Zeman et al.
1992).

Wheat and rice are crops of great economic importance. They
have a vital role as food grain and are particularly important for
Asia and Africa. They are cultivated on large areas and require
chemical nitrogenous fertillzer input. Tke objective of adequate
the present study was to isolate and characterize plant growth-
promoting rhizobacteria (PGPR) that could be used as inoculants
(kiofertilizer) for rice and wheat crop to reduce chemical
fertilizer input and improve yields. The N,-fixing potential
associated with these crops grown in different® soil habitats was
determined using in situ ARA of rice grown in saline soils and
wheat grown at different fertility levels. Bacterial isolates from
the rhizospheres were screened to determine their ability to
produce indoleacetic acid (IAA) and their effects on root growth.
The survival and proliferation of these bacteria on and around root
surfaces under the influence of 2,4-D and cellulase enzymes was
also studied.

Materials & Methods
In SITU ARA OF RICE AND WHEAT

The in situ ARA was carried out in the rice field by enclosing
rice plants in polyethylene canopies that were tightly fixed on
PVC tubes 12 cm in diameter and 15 cm long. Nearly 10 cm of this
tube was driven into the soil enclosing the rice plant. A hole was
~made in the PVC tuke near the soil surface to fix a suba seal for
injecting CH, and for taking gas samples. After the volume of the
polyethylene canopy was estimated, 10% CH, atmosphere was provided.
The gas samples were collected in 10 ml vacutainers after 16-20 h
and later analyzed for ethylene production on a Carlo-Erba Gas
chromatograph fitted with flame ionization detector. The plants
without acetylene were used as a control. Activities were described
on per plant basis (Bilal et al. 1990ab).

Similarly, in situ estimation of ARA was carried out with
wheat grown on plots that got regular farm yard manure (FYM) or
nitrogenous fertilizer application. In the control treatment, no
fertilizer or organic matter had been applied for the last 10
years, while in the other treatments, different amounts of FYM or
urea had been applied annually. After ARA, the plants were
harvested, and their organic carbon content was determined as
described by Malik and Azam (1985) . Activities were described on
the basis of per gram photosynthetic carbon.
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ISOLATION AND IDENTIFICATION

First, 200 g dried and sieved soil from a rice field at the
Biosaline Research Station (BSRS), Lahore was shaken for 24 hours
with 1 1 of distilled water. Soil particles were removed by
centrifugation. The supernatant was autoclaved separately either
with 5 g/l malate or with 5 g sucrose, 5 g mannitol, and 0.5 ml
lactic acid/l. For semisolid medium, 2 g/l agar was added, and 5 ml
of this medium was poured into 17 ml McCartney vials. Two to three
excised, 2-3 cm long root pieces (for rhizoplane fraction) and a
few milligrams of root-adhering soil (for rhizosphere fraction)
were inoculated into vials, which were incubated at 30°C. These
vials were observed for diffused growth or pellicle formation after
24 and 48 hours of incubation. Vials exhibiting diffused growth or
pellicle formation were subjected to ARA. A loopful from the ARA*
vials was used for second and third enrichments. The third-
enrichment vials were streaked on soil extract agar medium plates.
The isolated colonies were separately subjected to determine
acetylene-reducing potential, and purity was checked by streaking
on potato dextrose agar and nutrient agar plates. The cultures were
stored at 4°C on nutrient agar slants. Isolated and purified
colonies were identified up to genus level (Bilal et al. 1990 b).

SCREENING FOR IAA-PRODUCING DIAZOTROPHS

For detection and quantification of IAA production by
diazotrophic bacteria, cultures were grown in Okon’c .ialate medium
(Okon et al. 1977) enriched with 5 g sucrose, 5 g mannitol, and 1
g ammonium chloride per litre of the mediun. Tryptophan 100 mg/1l
was added as IAA precursor. After 4 weeks of growth, qualitative
estimation of IAA was done using the Fe-HC10, and Fe-H,SO, methods
(Gordon and Weber 1951). Isolates positive for IAA were subjected
to quantitative estiration by ethyl acetate extraction (Tien et al.
1979).

EFFECT OF IAA-PRODUCING BACTERIA AND SYNTHETIC HORMONE IAA ON ROOT
MORPHOLOGY.

Wheat and rice seedling roots 2-5 days old were dipped into
bacterial suspension (107 cells/ml) for 10 minutes. Nine PGPR were
selected for these studies on the basis of their ability to produce
appreciable amounts of IAA in the culture medium (Table 3). A
positive control of 50 ug/ml of IAA in the plant growth medium was
used to determine IAA effects on root growth in wheat and rice. The
seedlings were transferred to sterile plastic growth pouches
containing autoclaved 1:5 scil extract provided with 5 g/1
sucrose. The plants were harvested after 15 days, and the root
length, including seminals and nodals, was measured.

A control experiment was carried out to determine the most
effective concentration of IAA in the growth medium. The rice
plants were grown in long glass tubes using Hoagland liquid medium
containing 0.5-8 pg/ml of IAA. The medium without IAA was used as
a control. The plants were harvested after 6 weeks and observed for
root, shoot, and total plant dry weight. The effect on the number
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of nodal axis (roots) was also noted.

QUANTIFICATION OF N, FIXED BY 5N ISOTOPE DILUTION

Wheat plants were grown in N-free half-strength Hoagland
liquid medium containing 0, 1, or 2 mg/l 2,4-D in long tube
assemblies (Bilal et al. 1993). The seedlings were inoculated with
different ciazotrophic bacterial strains, and 16 pg/ml BN of 10%
atom excess in the form of ('°NH,),SO, was provided in every tube for
quantification of N, fixation. Treatment without inoculum was taken
as the nonfixing control.

After 5 weeks of growth in the long tube assemblies, the
cotton plugs were replaced with suba seals. The atmosphere above
the plants was replaced with 10% C,H, v/v. The gas samples were
taken after 2 h incubation in light and analyzed for C,H, on a gas
chromatograph as described earlier (Bilal et al. 1990%). After 6
weeks, nitrogen conterit was determined by the Kjeldhal method. The
percentage of excess YN was determined on a mass spectrometer
(Malik et al. 1991).

ANATOMY OF PSEUDONODULES

The plants with roots attached were harvested after 6 weeks.
Root morphology was studied both by the naked eye and under the
low-power magnification of a stereomicroscope. The number of
nodule-like structures present was counted.

Pseudonodules formed by the action of 2,4-D were fixed in a
solution containing 2.5% glutaraldehyde and 2.5% formaldehyde in
0.1 M phosphate buffer at PH 7.4 for 2h (Karnobsky, 1965) . After
three rinses in the sanme buffer, the specimens were post-fixed in
2% 0s0, for 1 h. They were then stained in uranyl acetate for 1-2
h, after which they were dehydrated in a gradual ethanol series.
After dehydration, the specimens were infiltrated with epoxy resin
gradually for 3 days. They were then embedded in fresh resin and
polymerized at 35°C for one night, after which they were kept at
60°C for two nights. The sections were cut on ultramicrotome and
stained with methylene blue and fluorescent antibody (FA) stains
prepared against relevant diazotrophic strains.

SURVIVAL AND PROLIFERATION STUDIES

To study the proliferation of inoculated bacteria on the plant
root surfaces, the Fahraeus slide system as described by
Somesagaran and Hoben (1985) was used. Wheat and rice seedlings 2-5
days old were soaked in bacterial suiiensions (10° cells/ml) of
Azosplirillum sp., Azotobacter 8P., <nd Rhizobium sp. for 30
minutes; gently washed with phosphate buffer saline (PBS); and then
transferred to Fahraeus slides. Equal volumes of all three
suspensions were mixed for the mixed treatment. The tubes
containing Fahraeus slides were incubated at 30°C (day) and 26°C
(night) with a day length of 16 h and 1light intensity of 400 u
E.m.S. Fahraeus slides were observed after various intervals over
the next week. Roots were removed from the agar and put in conical
flasks (250 ml) containing 45 ml saline with sharp pebbles. The
bacteria were dislodged from the roots with pebbles by shaking for
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6 hours. Next, 1 ml of this suspension was appropriately diluted
(serial dilution), and cells were counted by haemocytometer (Bilal,
1988; Bilal et al. 1990b). Proliferation studies were also carried
out on the wheat and rice roots using the Fahraeus slide system
containing 1 mg/l1 of 2, 4-D in the growth medium.
In another experiment, wheat seedlings were first dipped in

1% cellulase and 0.1% pectolyase suspension for 10 minutes, and
then transferred to the Fahraeus slides. The slides were
transferred to the tubes containing Fahraeus medium with 1 mg/1l of
2,4-D.

Results

IN SITU ARA OF RICE

Three salt-tolerant rice varieties grown at BSRS Lahore were
tested for their acetylene-reducing potential by whole plant canopy
assay. The rice was growing in saline soils having a pH of 9.0 and
EC of 20 mScm''. The in situ ARA was carried out at the panicle
initiation stage. The results are presented in Table 1. The values
given in the table are averages of three replicates. NIAB-1 variety
showed the highest acetylene reduction among the three varieties
tested.

Table 1: Whole plant canopy assay (in situ) ranges of different
varieties of rice grown in saline sodic soils at BSRS Lahore,
Activities are given as umol CH,.pl"'. 24h’',

Variety Activity

NIAB-1 67-74 (71)
95 24-35 (30)
96 66-70 (69)

The values given 1in the parentheses are averages of three
replicates.

Similarly, in situ estimation of ARA was carried out with one
wheat variety grown at the National Institute for Agriculture and
Biology (NIAB), Faisalabad. The results are presented in Table 2.
The values given in the table are averages of three replicates.
Maximum ARA values were obtained in the case of FYM at 16 kg/ha,
whereas in th case of urea treatment, lower values than even
control were found. This is indicative of the fact that increased
application of nitrogenous fertilizers inhibits diazotrophic
activity.

ISOLATION AND IDENTIFICATION OF BACTERIA

Organisms associated with the roots of rice plants grown at
BSRS, Lahore, isolated on semisolid soil extract medium, belonged
to the genera Xanthobacter, Pseudomonas, Zoogloea, Flavobacterium,
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Azospirillum, and Azotobacter. The populations of Pseudomonas and
Flavobacterium were abundant as compared with the others. Table 3
gives 21 randomly selected and identified isolates.

Table 2: In Situ ARA ranges of wheat plants supplied with different
rates of urea or farm yard manure or grown in normal fertile soil
at NIAB, Faisalabad. Activities are given as nmol C,H, h™' gmc'.

Plant dry Photosyn- nmol C,H, h™' gmc™
weight (g ) thetic C.
Control 6.46 2.58 18-48
(29)
F16 5.78 2.30 58-196
(132)
F32 9.40 3.76 75-79
(76)
N100O 12.08 4.80 2-3
(3)
N200 17.90 7.16 3-18
(10)

F16 = 16 kg/h FYM; F32 = 32 kg/h FYM; N100 = 100 kg/h urea; N200 =
200 kg/h urea. The values given in the table are averages of three
replicates.

SCREENING OF IAA* STRAINS

Of 19 strains tested for IAA production, 10 were able to
produce IAA in the presence of combined nitrogen. The majority of
the strains of Psuedomonas, Azospirillum, and Flavobacterium
produced appreciable quantities of IAA when grown in liquid medium
with combined nitrogen. Under nitrogen-fixing conditions, the
amount of IAA produced was reduced. Only three strains were able to
produce any IAA under semisolid conditions (Table 3).

EFFECT OF PGPR ON PLANT GROWTH

The re-incculation studies of PGPR were carried out in N-free,
half-concentration Hoagland 1liquid medium. The results are
presented in Table 4. For wheat Zoologea sp. KY-1 was the most
effective strain, with an increased root length (33 cm) cbserved as
compared with the IAA" control (14 cm). Similar observations were
made for rice with an observed root length of 26 cm as compared
with 8.5 cm for the IAA".
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Table. 3: IAA production by diazotrophic bacteria. Quantities are
described as pug IAA ml™! in culture medium.

N,~-Fixing CCM+Tryp CCM+Tryp
Bacteria (Liquid) (Semisolid) -———
+NH,C1 ~-NH,C1 +NH,C1 -NH,C1
Azospirillum sp. (N-21) 9.67 0.33 0.27 2.00
Azospirillum sp. (Iso-2) - - - -
Azospirillum  sp.(N-4) 6.30 0.34 2.23 -
Azotobacter sp. (Iso-1) - - - -
Azotobacter sp. (95-43) - - - -
Azotobacter sp. (Br2ii) - - - » -
Flavobacterium sp.(RRN-29) - - - -
Flavobacterium sp.(RRN-30) - - - -
Flavobacterium sp.(96-57(2) - - - -
Flavobacterium sp. (96-57) 11.87 1.01 3.00 -
Flavobacterium sp.(96-57ii) 8.75 0.67 2.60 -
Pseudomonas sp. (96-51) 35.70 0.31 0.25 -
Pseudomonas sp. (39NA) 31.50 0.44 0.37 4,00
Pseudomonas sp. (RRN-54) 22.50 0.25 0.90 -
Pseudomonas sp. (N-15) 7.10 0.33 0.75 -
Pseudomonas sp. (39NAI) - - - -
Pseudomonas sp. (RCC46) - - - -
Xanthobacter sp. (N-6) - - - -
Zoogloea sp. (KY-1) 5.11 0.34 2.90 0.60
CCM = Combined Carbon Medium; Tryp = Tryptophan; - = No IAA

SD * (0.04-0.67) pg/ml.

control. The four Pseudomonas strains ( N-15, 96-51, RRN-54, and
39-NA) were equally good for wheat, but for rice only 96-51 and N-
15 were effective. Azospirillum sp. N-4 was relatively more
effective for wheat and had a moderate effect on rice (Table 4).
Pseudomonas sp. 39-NA and RRN-54 and Flavobacterium strains 96-57
and 96-57i showed a positive response in wheat, but reduced growvth
in rice as compared with the IAA" control.The positive control (50
pg/ml IAA) also showed a positive response in wheat, but inhibited
rice growth as compared with the IAA~ control.Of the the nine
strains tested, four Azospirillum sp.(N-21), Zoogloea sp. (K¥Y-1),
Pseudomonas sp. (N-15), and Pseudomonas sp. (96-51) gave a positive
response with rice. All the other strains showed a negligible or
negative response for rice growth (Table4). Therefore, a control
experiment was carried out to determine the most effective
concentration of IAA in the growth medium. It was observed that 2
#g/ml IAA in growth medium increased the root shoot length and dry
weight.An increase in the number of nodal axes (roots) was also
noted (Table 5).
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Table 4: Effect of PGPS-producing bacteria on root morphology of'

wheat and rice.

Root length (cm),
including nodal
axes (roots)

Treatments Wheat Rice
IAA (50 ug ml™) 30.5 11.5
Control 14.0 8.5
Azospirillum sp. (N-21) 11.0 18.2
Azospirillum sp. (N-4) 24.2 11.0
Flavobacterium sp. (96-57) 9.1 9.1
Flavobacterium sp.(96~57ii) 21.4 6.0
Pseudomonas sp.(RRNS54) 27.9 4.5
Pseudomonas sp.(39NA) 21.3 7.5
Pseudomonas sp.(96~51) 26.3 16.4
Pseudomonas sp. (N-15) 18.2 19.8
Zoogloea sp. (KY-1) 33.0 26.1

The SD range for wheat was #+ (1.0-3.8)cm and for rice was #* (0.5~
3.9) cm. The values given in the table are the averages of six
replicates.

Table 5: Effect of indcleacetic acid on rice plant growth:

Concentration of Shoot weight Recut weight Whole plant

indoleacetic (mg/plant) (mg/plant) weight

acid (ug/ml) (mg/plant)
0.0 23.1 = 2.7 5.2 + 1.2 28.5 + 2.5
0.5 18.6 * 3.3 6.0 £ 1.0 24.6 * 1.6
1.0 21.4 * 3.7 7.1 + 1.1 28.8 + 2.2
2.0 25.1 * 1.5 8.7 £ 0.9 34.0 * 3.5
4.0 21.5 % 2.1 7.3 * 0.9 29.0 £ 2.9
8.0 21.1 + 2.3 6.9 + 1.0 27.8 + 3.6

The values given in the table are averages of six replicates; and
1 values indicate standared deviations from the mean.

EFFECT OF SYNTHETIC AUXIN 2,4-D ON NITROGENASE ACTIVITY AND PLANT
GROWTH

The 2,4-D is a synthetic auxin. Tt produced nodule-like
structures on wheat roots irrespective of bacterial inoculation.
The numbers of nodule-like structures present on the roots under
different treatments are given in Table 6. As the growth was under
axenic conditions, no acetelylene reduction was observed in the
control. However relatively high values of ARA were detected in the
1 and 2 ug/ml treatments of Azotobacter Iso-1 and Azospirillum Iso-
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2. The 2,4-D addition had no significant effect on ARA values.
Similarly, nitrogen uptake results showed no significant
difference.

Table 6: Effect of different concentrations of 2,4-D on
pseudonodulation and nitrogen fixation associated with wheat plants
inoculated with different diazotrophic strains.

$NDFA No.of ARA

Isolate cConc. Dry Total

of wt.(m?
Codes 2,4-D° tube’! N* Nodules
Control 0.0 64.50 3.90 N1l 0 0
0.5 50.00 4.80 Nil 12 0
1.0 81.60 4.62 Nil 18 0
2.0 67.00 2.94 Nil 0 0
Iso-1 0.0 64.00 5.18 Nil 0 62-417 (199)
0.5 54.40 4.90 Nil 16 ND
1.0 141.40 4.14 23.8 ° 34-350 (150)
2.0 40.60 3.60 39.7 4 333-384 (351)
Iso-2 0.0 64.90 5.38 Nil 0 50-283 (153)
0.5 60.90 5.24 46.9 8 116-356 (236)
1.0 54.50 4.10 24.7 26 84-231 (153)
2.0 39.60 2.46 42.6 2 56-252 (1540
K-1 0.0 ND ND ND 0 15-20 (18)
0.5 54.80 4.37  .19.8 32 34-57 (44)
1.0 59.30 4.76 18.3 26 ND
2.0 58.30 4.51 12.5 32 33 (17-64)
Iso-1+ 0.0 88.30 5.10 Nil 0 70-308 (189)
Iso-2+ 0.5 61.50 3.40 Nil 14 266-406 (330)
K~-1 1.0 50.10 6.02 Nil 16 118-529 (326)
2.0 54.60 5.04 Nil 2 ND

2,4~D = mg 17! ;$NDFA = % Nitrogen derived from atmosphere;

ARA = nmol C 4‘tube” h'l. values outside parentheses indicate the
ranges of six replicates, and values inside parenthes are the
averages of six replicates. Total N = ng tube”; ND = not
determined;Nil = % NDFA zero.

However, the estimation of the prcentage of nitrogen derived
from the atmosphere (% NDFA), based on PN isotopic dilution,
indicated significant plant uptake of the bacterially fixed
nitrogen, with a range of 12-46 $NDFA. All these estimates were
made by keeping the uninoculated treatment as a control. Relatively
higher NDFA values were obtained in the case of Azospirillum Iso-2
inoculation.
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NODULE MORPHOLOGY, STRUCTURE AND BACTERIAL COLONIZATION

The plants with nodules were harvested after 6 weeks. A
schematic presentation of the nodules is given in Figure 1. Many of
these nodules, on examination, looked like aborted lateral root
primordia with a preponderance of root hair all around them.

Ultrathin sections (Figure 2 a and b) showed fairly
disorganized cellular structure. The outer layer of cells seemed to
be very loose and disjointed. The bacterial presence inside these
nodular cells was observed and confirmed by flourescent antibody
staining. Azotobacter cells were found in abundance in the outer
surface cells of the nodular structures in round-shaped aggregates
consisting of e.ght cells. (Figures 2 a and b).

SURVIVAL AND PROLIFERATION STUDIES

The proliferation of different bacteria on the root surfaces
was studied using the Fahraeus slide system. Fahraeus medium with
and without 2,4-D was used for plant growth. In the Fahraeus medium
with 2,4-D, survival and proliferation studies were carried out on
the wheat roots treated with and without cellulose-degrading
enzymes (Table 8). It was observed that in rice, the maximum
bacterial proliferation of inoculated bacteria was 4-6 days.
However, the proliferation of Rhizobium sp. was much less than that
of Azospirillum sp. and Azotobacte:r sp. On the other hand, the
presence of 2,4-D in the medium increased the Rhizobium population
and decreased the Azotobacters population. Azospirillum and the
mixed treatment remained unaffected by 2,4-D (Table 7).

In wheat, the maximum proliferation of inoculated bacteria was
observed on the fourth day after inoculation. The presence of 2,4-D
in the medium increased the proliferation of Azospirillum and
Azotobacter sp., but decreased proliferation in Rhizobium and mixed
treatment. Enzyme treatment *o the seedlings raised the numbers of
all three strains. However, in this treatment, maximum
proliferation was achieved 24 hours earlier in all the species
(Table 8).

Discussion -

With the development of the acetylene reduction methodology,
several plant-bacteria systems have been reported to support
acsociative nitrogen fixation. However, most of the studies have
been based on excised root acetylene reduction assay. There are
relatively few reports on the in situ ARA of various crop plants
(Roger and Ladha 1992). Use of ARA for quantification gives
erroneous results (Van Berkum, 1980; Lethbridge et al. 1982), but
this methodology is useful for screening purposes. The ARA values
obtained for different salt-tolerant rice varieties were much
higher than values obtained with other rice varieties grown in
fertile nonsaline soils (data not presented). The saline habitat,
being a low fertility environment, provides an ideal ecological
niche for nitrogen fixation. Similar results have been obtained
with kallar grass grown in saline soils (Bilal, 1988; MaliK and
Bilal, 1988).
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Fig. 1 Nodule-like structures (pseudonodules) induced on wheat
roots treated with 1.5 ug/ml 2, 4-D.

(a) (b)
Fig.2 Transverse section of ultrathin section of wheat nodules

showing the micro colonies of Azotobacter Iso-1 (a = 1250 X, b =
10,000 X)

11
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Table 7: Attachment, colonization, and proliferation of
dlazotrophlc bacterla on root surfaces of rice. The numbers given
in the table x 10% indicate the total bacteria attached per gram
fresh weight root.

Diazotrophic Observ. Inoculum Inoculum
Bacteria (Days) + 2,4-D 1 mg/l)
Azospirillum sp. 1 27 * 2 31 + 4

2 208 + 13 187 * 16

3 556 * 30 267 * 11

4 1169 * 86 1172 * 52

5 2409 * 107 1590 * 79

6 3319 * 50 8261 * 94

7 1961 * 53 3580 * 85
Azotobacter sp. 1 110 * 10 140 * 15

2 227 * 6 473 * 12

3 541 + 20 2050 * 23

4 2148 * 141 2176 * 63

5 3605 * 125 _ 2126 * 38

6 5718 * 67 1698 + 35

7 2096 * 54 941 * 33
Rhizobium sp. 1 20 + 1 50 =+ 1

2 24 + 3 88 + 5

3 23 + 2 172 * 4

4 37 + 4 250 * 11

5 41 t 6 190 + 9

6 30 + 4 142 + 20

7 18 + 3 102 * 17
Azospirillum + 1 70 * 12 118 + 8
Azotobacter + 2 161 * 16 150 + 8
Rhizobium sp. 3 266 * 14 447 * 11
(Mix) - 4 2711 % 103 2742 * 96

5 10350 * 289 10256 * 199

6 4503 * 49 8531 * 62

7 2872 * 295 2436 * 120

The values given in the table are averages of three replicates; #
values indicate the standard deviations from the mean.
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Table 8: Attachment, colonization, and proliferation of
diazotrophic bacteria on root surface of wheat. The numbers given
in the table x 10%® indicate the total bacteria attached per gram
fresh weight root.

Diazotrophic Observ. Inoculum Inoculum Inoculum
Bacteria (Days) + 2,4-D + 2,4~d +
Enzyme
Azospirillum sp. 1 8 10 96
2 29 21 293
3 36 42 451
4 74 177 258
5 71 66 61
6 11 24 47
7 6 51 66
Azotobacter sp. 1 9 10 69
2 20 19 188
3 32 71 411
4 111 . 148 125
5 81 89 43
6 28 28 14
7 1 70 19
Rhizobium sp. 1 10 9 72
2 17 9 219
3 33 67 257
4 124 116 116
5 59 117 63
6 69 54 50
7 22 16 18
Azospirillum + 1 9 10 36
Azotobacter + 2 16 16 281
Rhizobium sp. 3 69 29 457
(Mix) 4 129 79 612
5 72 56 61
6 13 15 28
7 38 . 68 11

2,4-D = (1 mg/l); Enzyme = (1% cellulase and 0.1% pectolyase).

13
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A number of diazotrophic bacteria have been isolated from roots
using various nitrogen free, media (Rennie, 1981). For the present
study, soil extract medium was used, supplemented with carbon
gource/s only. This allowed the isolation of several strains of
Pseudcmcnas and Flavobacterium that had not previously been
isolated from plants growing in saline soils. For testing the IAA-
producing ability, Fe- HZSO,. proved better than Fe-HC1l0,. There are
reports about the IAA" producing ability of Azotobacter,
Azospirillum and Pseudomonas (Mar‘:inez~Toledo et al., 1988;
Gonzalez~Lopez et al., 1986; Zimmer et al., 1988), but the
Azotobacter s*rains reported in this study did not
produce any IAA (Table 3).

Auxins are growth regulators that are essential for plant
growth. Some bacteria are also reportad to produce these growth
hormones, affecting plant growth (Zimmer et al., 1988; Lifshitz et

al., 1987; Bric et al., 1991; Tien et al., 13979). The bacteria are.

reported to change root morphology (i.e., increase in root length,
and number oY nodal and lateral roots), hence enhancing the
nutrient uptake to improve plant growth (Kapulnik et al., 1985;
Rodriguez-Barrueco, 1991; Harari et al., 1989; Malik and Bilal,
1988) . We observed the increase in root length of wheat inoculated
with different diazotrophic strains (Table 5). We did not observe
any significant increase in the root length of rice. IAA, 50 ug/ml
in growth medium also did not give a positive response in rice,
though this concentration produced a good response in wheat. In
testing the effective concentrations for r.ce, it was noted that 2
4g/ml IAA in the medium improved root shoot dry weight and length.
The number of nodal axes, lateral roots, and root hairs also
increased. These observations confirm that IAA requirements vary
among plant species.

Using 2,4~D, nodule-like structures were only induced on wheat
roots and not cn rice. though thickening of the roots occurred.
Recently, Ridge et al, (1992) studied the induction of nodule-like
structures on wheat roots. They considered these nodules to be
lateral root primordia because they observed vascular tissues in
anatomical sections. In our studies, a concentration of root hair
was found around the nodular structures. A preponderance of
bacterial colonization was observed on these root hairs. Similarly,
bacterial aggregates were observed on the root hairs and inside
the nodular structures when inoculated with Azotobacters. Similar
observations for kallar grass have already been reported (Bilal et
al, 1993). The detection of nitrogenase activity as estimated by
the ARA and VN isotope dilution methods suggests that the inner
cells of pure bacterial aggregates or microcolonies are responsible
for nitrogen fixation.

The presence of associative nitrogen fixation in non-legumes
is a random process. Although much work related to the re-
inoculation of diazotrophs has been done on grass rhizosphere; our
knowledge about root colonizations is still not complete.
Information is available about the role of motility, chemotaxis
response, carbohydrate utilization, and presence of binding and
receptor structures, but little is known about the mechanism of
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initial attachment of bacteria to the root surfaces. There are
probably specific sites on the roots where colonization is
initiated. The use of 2,4-D or such growth-promoting substance of
microbial origin may be able to create preferential sites for
colonization, in turn increasing the beneficial effects on plant
growth. More work is needed to prove or disprove these hypotheses.
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SELECTION OF COTTON VARIETIES TOLERANT T0 SALINITY

Akhtar Nawaz Khan and Muhammad Aslam
Faculty of Agriculture, Gomal University,
Dera Ismail Khan, Pakistan.
ABSTRACT
The salt tolerance of 20 cotton (G. hirsutum L. and G.
arboreum L.) cultivars was studied in several experiments
that - included both hydroponic and soil culture in
different saline growth conditions. Screening at the
seedling stage in a hydroponic system provided a
reproducible technique for mass screening of cotton
genotypes for salt tolerance. Fresh shoot weight was the
main selection criterion used to determine the salinity
tolerance of cotton cultivars. Cultivars exhibited a wide

range in salinity tolerance, with Rehmani and S-12 being

the most tolerant.

Introduction

On a world wide basis, soil salinity/sodicity is among the
major factors responsible for low crop production, with 400 to 950
x 10% ha of soils being salt-affected (Epstein et al., 1980). These
areas are located primarily in arid or semi-arid regions where the
problem may become further exacerbated by use of low-quality
(i.e., saline) irrigation water. Excessive accumulation of salts in
the root zone is a problem of great agricultural, economic, and

social significance in these regions.
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About 5.6 x 10% ha of agricultural land is salt-affected in
Pakistan (Chaudhary et al., 1978). The magnitude of the resultant
reported reduction in seed cotton vield was 41% for slightly
affected land and 73% for moderately affected land. An annual loss
of over 14 billion rupees was estimated for the entire irrigated
area of the country as a result of salinity-induced production loss
(Qayyum and Malik, 1985).

Two approaches are available for overcoming the problems of
salt-affected lands: first is to use the available t.echnologies for
reclaiming these soils; the second employs biological exploitation
of such soils through the use of salt-tolerant plant species. The
former approach aims to make the soil environment suitable for
common crop growth through hydrological {leaching) management.
This approach has been the primary method used in Pakistan;
however, the associated high costs can limit reclamation efforts in
many parts of Pakistan. The approach of employing bic’ogical
tecnhniques involves the selection and breeding of salt-tolerant
crop cultivars for use in saline areas. This paper pPresents a
procedure useful in identifying cotton cultivar tolerance to
salinity through the screening of cotton germplasm in hydroponic

cuiture and natural saline field conditions.

MATERIALS AND METHODS
Experiment #1
Seedlings were grown in plastic-coated iron trays (60 x 30 x

8 cm), filled with quartz sand (4 cm depth). Distilled water was
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applied for germination; half-strength Hoagland nutrient solution
(Hoagland and Arnon, 1950) was applied until the seedlings were
transplanted. Two leaf seedlings were transferred into galvanized
painted plastic-lined iron growth tanks (99 x 99 x 24 cm) supported
on iron stands 90 cm above ground containing aerated half-strength
Hoagland solution. The iron tanks were covered with thermopal
sheets having holes, which kept the plant roots suspended in the
Hoagland solution. The solution was aerated using an air
compressor. Two days were allowed after transplanting for the
seedlings to become established, and the medium was then salinized
with NaCl salt in increments of 50 mol m™ per day until the final
salinity levels were reached (0, 100, 160, 220 mol m NaCl). The
experimental design was a completely randomized design with three
replications. Seedlings were harvested at 15 days of growth after
salination for measurement of fresh and dry weights of shoot. |
Experiment #2

In this trial, the experiment #1 procedure was modified so
that desired salt concentrations of 100, 160, and 220 mol m™ Nacl
were prepared before the seedlings were transplanted, instead of
the salin.ty being gradually increased up to desired levels. The
remaining facilities and procedures were the same as for experiment
#1.
EXperiment #3

A field experiment was conducted with natural soil saliﬁity
levels, electrical conductivity of saturation extract (ECQ between

7 and 16 ds m*, and pH of 7.8. The experimental design was a
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randomized complete block design with three replications using a
plot size of 6 x 30 m. Twenty cultivars were hand-drilled after
seed beds were prepared, each in 2 rows, 6 m long, with a row
spacing of 75 cm and intrarow plant spacing of 30 cm. Fertilizers
(urea and DAP) were applied at the rate of 100 kg N ha! and 50 kg
P had, as recommended. All of the P fertilizer and half of the N
fertilizer were applied at planting, with the remaining N being
applied by the broadcast method with the second irrigation.

Irrigation was performed according to the plant requirements,
assessed by visual observation. Normal agronomic practices were
followed throughout the growing season. Picking was done by hand at

maturity for determining vield data on the cultivars.

RESULTS AND DISCUSSION

In this study, absolute shoot fresh vield was used as a
critericn to determine the salinity tolerance of cotton Crops.
Various workers have used this parameter as a tool in determining
the salt tolerance of plants (Shannon, 1984; Khan, 1987). From the
farmers' point of view, the maximum growth or economic vyield
potential of & plant species under given salinity is important,
regardless of any growth/yield depression as compared with
nonsaline conditions. Also, actual crop yields are useful when
comparing different varieties of the same crop under a given set of
conditions. However, the relative performance of di:i"srent
varieties will depend upon the level of salinity, and a variety

giving higher yield in a saline environment may not perform better
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5
than others under nonsaline conditions.

' Data on growth parameters for experiment #1, shoot fresh
Yield and shoot dry weight, are given in Tables, 1 and 2,
respectively. Both parameters decreased significantly with an
increase in salt concentrations in the growth media although the
differences between the 100 and 160 mol m concentrations were
nonsignificant. Average reductions of 30, 40 and 53% were found in
shoot fresh yield at salt concentrations of 100, 160, and 220 mol
m? NaCl, respectively. The highest absolute shoot vield of Rehmani
was significantly higher than that of the other cultivars, except
for K-68-9, DNH-1, and CIM-70. The interaction effects of salinity
and variety were significant (P = 0. 05) in that the performance of
the cultivars varied at different salt concentrations.

Using plant mortality percentage (experiment #2) as a
criterion for salt tolerance evaluation, S-12 and Rehmani proved to
he somewhat more tolerant at salt concentration of 220 mol m™ NaCl,
expressing only 40 and 50 percent plant mortality, respectively
(Table 3). At a salt concentration of 160 mol m? NaCl, the
outstanding cultivars were Rehmani, S-12, BH-41 and CIM-109, having
10, 20, 20, and 30% mortality, respectively. CIM-70, RH-1, NIAB-86,
Ravi, D-9, Rohi, and DNH-1 were the most sensitive at 160 mol m™
NaCl.

When compared on a relative yield basis (experiment #2), i.e.,
shoot fresh weight expressed as a percentage of the respective

control yields, S-12 and Rehmani were again the most tolerant while

the cultivars mentioned above were the most sensitive (Table-4). At
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6
a salinity level of 160 mol m™ NaCl, the mést sensitive cultivars
were CIM-70, RH-1, NIAB-86, Ravi, Rohi, DNH-,1 and FH-682, while
$-12, Rehmani, BH-41, CIM-109, and FH-78 were salt tolerant at this
salinity level. These trends closely follow those of the plant
mortality percentage.

Analysis of variance indicates that in experiment #3,
varietal differences in terms of seed cotton vyield were
statistically significant (Table 5). The maximum seed cotton yield
was obtained from Rehmani which had the highest vield of all cotton
cultivars in the trial, but this yield was not statistically

greater than that of Gohar-87, NIAB-78, S-12 and NIAB-86.

CONCLUSIONS

Various researchers (Maas and Poss, 1989; shannon, 1984;
Epstein et al., 1980; Rush and Epstein, 1981; Shannon, 1878; Nieman
and Shannon, 1977) have described or developed quick methods for
screening different crops for salt tolerance at early growth
stages. A screening program for appraising the salinity tolerance
of existing crop plants is necessary to meet the present needé of
the salt-affected areas of the world. The results can be useful to
farmers as a basis for choosing crops for commercial production on
salt-affected soils.

Various scraening techniques (e.g., nutrient culture and soil
culture) have been compared to determine their relative value as
general procedures for mass screening of cotton cultivars for

tolerance to salinity. Screening at the seedling stage in solution
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culture was easy and provided an effective method for measuring the
salt.tolerance of the cultivars. The solution culture method was
highly correlated with field study results (Tables 1 to 5). Shoot
fresh weight at the seedling stage was found to be most suitable
for appraising salt tolerance. Absolute shoot fresh vield (solution
culture) was highly correlated with seed cotton yield at low and
high salinities under field conditions (Table 6). These results
indicate that screening at the seedling stage in solution culture
is a reasonably reliable technique for mass screening of cotton
germplasms.

The validity of the solution culture technique is authenticatd
by the high degree of similarity between the results of this
technique and thcse from field studies. In both cases Rehmani and
5-12 proved to be the most tolerant, while D-9, Ravi, Rohi, CIM-70

and RH-1 proved to be the most sensitive.
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TABLE 1 Shoot fresh yield (g per plant) of various cotton

cultivars exposed to different salt concentrations

for 15 days in nutrient solution.
CULTIVARS NaCl mol m

Control 100 160 220 Mean

Rehmani 4.96 3.41 3.08 2.66 3.53 a
K-68-9 5.04 3.61 2.77 2.25 3.42 ab
DNH-1 4.68 3.27 2.79 2.20 3.23 ac
CIM-70 4.58 3.26 2.87 2.05 3.19 ad
S-12 4.57 3.12 2.70 1.93 3.08 be
Shaheen 4.42 2.91 2.56 2.07 2.99 bf
FH-87 4.47 3.03 2.52 1.83 2.96 cf
RH-1 4.60 2.67 2.35 2.08 2.92 cf
BH~41 4.10 2.78 2.50 1.95 2.83 cf
Gohar-87 3.63 2.84 2.53 2.03 2.77 df
DNH-25 3.73 2.84 2.59 1.88 2.76 df
NIAB-78 3.72 2.71 2.44 2.04 2.73 ef
CIM-262 4.10 2.73 2.19 1.80 2.71 ef
BH-36 3.66 2.80 2.43 1.81 2.67 ef
NIAR-86 3.63 2.79 2.40 1.83 2.66 ef
FH~-682 3.87 2.65 2.14 1.73 2.59 £
CIM-109 3.68 2.61 2.15 1.70 2.54 £
Ravi 1.88 1.58 1.42 1.11 1.50 ¢
D-9 2.12 1.40 1.10 0.89 1.38 ¢
Rohi 1.95 1.36 1.10 0.63 1.26 g
Mean 3.87 a 2.72(70) b 2.33(60) b 1.82(47)c

Means followed by the same letter are not significantly different

according to the Duncan's Multiple Range Test (P =

0.05). Letters

other than the first and the last have been omitted to simplify the

results.

Values 1in parentheses represent percentages

controls.

of the respective



TABLE 2 Shoot dry yield (g per plant) of various cotton
cultivars exposed to different salt concentrations for 15
days in nutrient solution.

CULTIVARS NaCl mol m

Control 100 160 220 Mean
S-12 0.84 0.50 0.37 0.27 0.50 a
CIM-70 0.68 0.53 0.40 0.33 0.49 a
Rehmani 0.60 0.50 0.44 0.33 0.47 ab
DNH-1 0.66 0.48 0.41 0.29 0.46 ab
K-68-9 0.56 0.49 0.42 0.31 0.45 ab
BH-36 0.58 0.48 0.40 0.33 0.45 ab
Shaheen 0.56 0.44 0.41 0.34 0.44 ab
NIAB-86 0.56 0.42 0.42 0.35 0.44 ab
RH-1 0.59 0.44 0.37 0.31 0.43 ab
CIM-109 0.54 0.47 0.40 0.30 0.43 ab
CIM-262 0.56 0.45 0.36 0.27 0.41 ac
NIAB-78 0.60 0.49 0.35 0.29 0.41 ac
DNH-25 0.52 0.45 0.38 0.28 0.41 ac
FH-87 0.60 0.50 0.33 0.19 0.40 ad
Gohar-87 0.56 0.42 0.35 0.20 0.40 ad
FH-682 0.53 0.41 0.32 0.25 0.38 bd
BH-41 0.47 0.43 0.39 0.22 0.38 bd
Ravi 0.45 0.34 0.29 0.18 0.32 cd
D-9 0.50 0.35 0.23 0.18 0.31 cd
Rohi 0.40 0.29 0.27 0.21 0.31 cd
Mean 0.57 a 0.44(78)b 0.36(64)b 0.28{(48)c

Means followed by the same letters are not significantly different
according the Duncan's Multiple Range Test (P = 0.05). Letters
other than the first and the last have been omitted to simplify the
results.

Values in parentheses represent percentages of the respective
controls.
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TABLE 3 Plant mortality (%) of various cotton cultivars exposed
to different salt concentrations for 15 days in nutrient

solution.

CULTIVARS Nacl mol m

Control 100 160 220
Rehmani 0 10 10 50
S-12 0 10 20 40
CIM-109 0 10 30 70
DNH-1 0 20 60 80
BH-41 0 10 20 80
FH-682 0 20 60 80
Shaheen 0 40 50 90
NIAB-86 0 20 90 90
CIM-70 0 60 100 100
RH-1 0 20 90 100
Gohar-87 0 40 60 100
FH-87 0 10 40 100
Rohi 0 20 60 100
NIAB-78 0 20 40 100
D-9 0 50 70 100
DNH-25 0 30 60 100
Ravi 0 40 70 100
K-68-9 0 40 60 100
BH-36 0 10 50 100
CIM-262 0 30 60 100




TABLE 4 Shoot fresh vyield

(8 of control)
cultivars exposed to different salt co

days in nutrient solution.

of various cotton
ncentrations for 15

CULTIVARS Nacl mol m
Control 100 160 220
g per plant Percent of control
S-12 2.55 81 60 32
Rehmani 2.84 81 58 29
CIM-109 2.80 81 54 14
NIAB-86 2.37 70 8 11
BH-41 2.63 81 56 11
DNH-1 2.70 65 19 7
Shaheen 2.51 59 37 6
FH-682 2.63 54 21 3
Rohi 1.63 68 18 1
CIM-70 3.30 31 0 0
RH-1 2.87 59 2 0
Gokar-87 2.66 50 29 0
FH-87 2.63 84 46 0
NIAB-78 2.09 75 34 0
D-9 1.56 49 20 0
DNH-25 2.00 41 24 0
Ravi 1.55 56 10 0
K-68-9 3.10 44 28 0
BH-36 2.16 81 31 0
CIM-262 2.29 44 30 0
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TABLE 5 Seed cotton yield (kg ha4) of various cotton cultivars
under natural saline field conditions.

CULTIVARS salinity levels, EC,, ds m’!

7-8 10-12 13-16 Mean
Rehmani 990 650 470 703 a
Gohar-87 987 600 404 664 ab
NIAB-78 925 595 390 637 ac
S-12 920 525 412 619 ad
NIAB-86 963 489 375 609 ad
K-68-9 940 480 360 593 bd
RH-1 903 532 334 590 be
Shaheen 897 464 397 586 be
CIM-109 880 470 390 580 be
FH-87 878 528 329 578 be
FH-682 890 510 310 570 be
CIM-70 840 516 355 570 be
BH-41 880 490 330 567 be
CIM-262 875 490 335 567 be
BH-36 860 475 340 558 ce
DNH~25 865 495 290 550 ce
DNH-1 869 451 301 540 ce
Rohi 827 445 271 514 de
D-9 851 465 200 505 de
Ravi 880 353 205 479 e

Means followed by the same letter are not significantly different
according to the Duncan's MultiplesRange Test (P = 0.05). Letters
other than the first and the last have been omitted to simplify the
results.



TABLE 6

Relationship between absolute

cultivars grown in different saline media.

shoot yield and seed cot

ton yvield of cotton

I VARIABLE CORRELATION
| ) COEFFICIENT
SOLUTION CULTURE SALINE FIELD
(Experimegt #1) (Experiment #3)
100 mol m 7-8 ds m!
Absolute shoot fresh yield Vs Yield of seed cotton 0.4603"
SOLUTION CULTURE SALINE FIELD
(Experimeqt #1) (Experimenﬁ #3)
160 mol m™ 10-12 ds m
Absolute shoot fresh vield Vs Yield of seed cotton 0.3920M
SOLUTION CULTURE SALINE FIELD
(Experiment #1) (Experiment #3)
220 mol m™ 13-16 ds m’!
Absolute shoot fresh yield Vs Yield of seed cotton 0.7676"

NS = Nonsignificant

* = Significant (P = 0.05)
Xk =

Highly Significant (P =

0.01)
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CONJUNCTIVE USE OF WATER FROM GOOD- AND POOR-QUALITY SOURCES TG
EXTEND IRRIGATED IREAS AND REDUCE DISPOSAL PROBLEMS IN SALT-
A¥FECTED BOILS

T. Hussain, M. Akhtar Abbas, R. Ahmad and G. Jilani
Dept. of Soil Science, Univ. of Agriculture, Faisalabad,Pakistan

ABSTRACT

Field experiments were carried out to evaluate rice-wheat
Yields using brackish water for irrigation. The studies
consisted of evaluating cyclic vs. blended canal and
brackish tubewell water and the use of various chemical
(gypsum, H,S0,, and HCl),and organic (poultry manure,
green manure, pressmud) ameridments for amelioration of
brackish water. The results indicate that the cyclic use
strategy resulted in better yields than the use of
blended canal and brackish waters. The addition of H,SO,
resulted in higher yields, but differences among various
chemicals were statistically nonsignificant. As regards
the organic amendments, poultry manure gave better ylields
during the first season, while in the following Seasons,
the pressmud treatment showed significant superiority.
From these studies, it can ke concluded that brackish
waters of various qualities can be successfully used for
crop production under proper management strategies.

INTRODUCTION
One of the major constraints on agricultural production

is the limited supply of quality water for surface irrigation. In
Pakistan, it results in 11.9 m ha lying as culturable waste
(Federal Bureau of Statistics, 1987). An increase in canal water
supplies is not possible in Pakistan beacuse of limited resources.
Canal water supplies are being supplemented by groundwater, but
the quality of this groundwater is questionable beacuse of its high
concentration of salts (Khan et al., 1990).

It is a common practice among the farmers in Pakistan to
use brackish groundwater after mixing it with the available canal
water. This practice often deteriorates the water quality without
contributing additional water for crop production. Cyclic use of
waters of low and high salinity, as conceived by Rhoades (1984),
prevents the soil from becoming saline and allows for the
substitution of brackish water for 50% of irrigation needs. The
quality of brackish waters can be improved by the use of certain
amendments, such as gypsum, sulphuric acid, hydrochloric acid, and
other acid formers (Qureshi et al., 1975; Ahmad et al., 1979; Ayers
and Westcot, 1985; Ghafoor et al., 1987). Moreover, regular
additions of organic material to the soil are extremely important
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in maintaining good physical condition and fertility of the soil
when using brackish or blended water (Bhatti et al., 1985; cChaudhry
et al., 1985; Hornick and Parr, 1987). The present experiments
were undertaken to study the possibilities for using brackish
waters for crop production under the agro-ecological conditions of
Pakistan.

MATERIALS AND METHODS

The following three experiments were a part of a project
developed between the Board on Science and Technology for
International Development (BOSTID) of the U.S.National Academy of
Sciences and the Pakistan Agricultural Research Council. The
studi2s were conducted on a farmer’s field 2 km upstream from
Khurrianwala on Madhuana Drain on Faisalabad-Lahore Road,
Faisalabad.

Experiment I: Cyclic vs. Blended Use of Canal and Brackish Water

for Crop Production

The experiment was initiated during the summer of 1992 in
a rice-wheat cropping system. In the first crop of rice, there
were four treatments: canal water (CW) alone; tubewell water (TW)
alone; and cyclic or blended use of CW and TW. The ratio of the
blend was adjusted to achieve an EC of 2.0 dS m' in the water. For
the wheat crop (1992-93), the ratios of the blend were used to
adjust the SAR and RSC of the brackish water. Thus, there were two
blends: Blend I (40% CW, 60% TW) with SAR 10.0 (mmol L')'? and Blend
II (80% CW + 20% TW) with RSC 2.5 me L'. In the case of cyclic
use, irrigation with TW was applied as conceived by Rhoades (1984),
and the resulting change in EC of the soil was determined. The CW
water required to bring the EC to the original level was determined

by the formula of Dielman et al., (1979). The experiment was
replicated thrice following an RCB design. Individual plot size
was 5 m x 8 m. In both the rice and wheat crops, preplanting

irrigations with CW were applied in all the treatments. The CW had
EC 0.28 dS m?, SAR 2.10 (mmol L')'?, and the RSC 0.8 me L', whereas
the corresponding values for TW were 2.72 dS m!, SAR 12.05 (mmol L~
')'?, and RSC 10.4 me L', respertively. Sixteen irrigations were
applied to the rice crop with a week interval (7.5cm each time),
whereas five irrigations were applied in the wheat crop.
Recommended plant protection and agronomic practices,such as
fertilization, were adopted equally in all the treatments. A
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basal dose of N,P,0; and K,0 were applied @ 120,90 and 60,kg ha’
respectively at the time of transplanting/sowing of the crops.Data
on the yield parameters was collected at maturity. Soil samples up
to a depth of 30 cm after the harvest of each crop were analyzed
for pH, EC, and SAR determinations following methods given in
Handbook No. 60 (U.S. Salinity Laboratory Staff, 1954). Physical
measurements such as bulk density and soil strength were determined
from undisturbed soil samples.

Expriment IXI: Use of Brackish Water Througu Organic Amendments

This experiment was conducted on a rice-wheat cropping
rotation. There were again four treatments withthreereplications
using an RCB design. The treatments werc 1.TW (same quality as in
experiment I),2. W plus sesbania green manure € 10 t ha'!, 3.Tw
plus pressmud (sugar industry waste with EC 2.2 ds m!, pH 6.6,
(soluble Ca + Mg 4%) added on the basis of its (Ca + Mg amount),and
4.TW plus poultry manure (Ca + Mg = 5.2%) @ 10t ha'!. Green manure
and poultry manure were incorporated before transplanting, while
pressmud was applied with each irrigation. A basal dose of N, P,0;
and K,0 were applied @ 60,90 and 60 kg ha!, respectively at the time
of transplanting/sowing of the crops. Other production practices
were as described for experiment I.

Exporiment IYI:Use of Brackish Water Through Chemical Amendments

There were again four treatments: TW, TW amended with
gypsum calculated by Eaton’s formula (Eaton, 1965), TW treated with
H,S0, on the basis of titratable basicity, and TW treated with HC1
as in the H,S), treatment. The plot size was 5 m x 8 m. The
treatments were repeated thrice with an RCB design. The crop
rotation was rice (Bas-385) followed by wheat (LU-26S) and again
rice (Bas-370). Other production practices were as in experimrnt
I.

RESULTS AND DYIBCUSBION
8tudy I
Crops Yield
Data in Table 1 show that the maximum response of
significantly higher crop yields was achieved with the CW
treatment. The data further reveal that blended use of canal and
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brackish water resulted in lower yields as compared with their use
in the cyclic mode. Better Yields from the cyclic treatment can be
attributed to the proper maintenance of salt balance under this
treatment. In the case of blended use, the plant can extract only
good quality water from the mix. This extraction is done by the
expenditure of energy that otherwise could be used by the plants
for biomass production. Bradford and Letey (1992) reported that
cyclic use strategy produced higher simulated yields than the
blended strategy.

Irrigation with TW alone resulted in the lowest yields,
due to the higher sodic hazard of irrigation water (high Rsc).
Reduction in crop yields under stress has also been reported by
Maas and Hoffman (1977) and Aslam et al., (1988).

Plant Tissue Analysis

Rice/wheat grain samples were analyzed for concentrations of
Ca, Na, K, and Cl. The data are given in Table 2. The table shows
that higher uptakes of Na and C1 by the plants were observed in the
Plots irrigated continuously with brackish water. This was due to
the relatively high sodic hazard of the water. The uptake of Ca
and K was reduced because of the increased competition between Na
and Ca (Suarez and Grieve, 1988) . Maximum uptake of K and Ca was
observed with CW treatment. The cyclic use strategy generally
resulted in lower uptake of Na and Cl as compared with the blended
use strategy. Although the data suggest that the blended use
extends water supplies, comparatively better results can be
obtained from the cyclic use strategy.

8oil Characteristics

The ionic contents of the soil extracts increased appreciably
with the application of TW, which resulted in increased solute
concentration EC and SAR (Table 3).in the soil solution. There
was, however, less development of soil salinity/sodicity with the
cyclic or blended use treatments, thus indicating a possibility for
the limited substitution of good-quality CW for the brackish TW.
The soil strength of the undisturbed soil samples was also noted at
the time of crop harvest. Brackish water resulted in more
hardening of the soil, which was further elucidated by the data of
on bulk density (Table 4).
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8tudy II
Crop Yields

Data on the effects of various brackish water management
strategies on the yield of rice and wheat crops are given in Table
5. The maximum yield of the first crop of rice (1992) was obtained
from the treatment where brackish water was amended with poultry
manure, followed by the green manure treatment. The differential
response to various organic manures may be attributed to their
different decomposition rates and the percentage concentration of
various nutrients in the manures. The increased growth and yield
of the rice crop were attributed to the increased pCO, due to the
plant root respiration and decomposition of organic matter (Gupta
et al., 1989; Robbins, 1986; Chhabra and Abrol, 1977), which
thereby increases the soil salinity and decreases the soil pPH in
calcarious soils. The manures added to the soil increase the soil

CEC and thus reduce the amount of sodium per unit area. The
faster the decomposition of manure in the soil, the more rapidly
various nutrients are taken up by the plants. Maintenance of

adequate fertility under salt stress conditions to increase crop
yields has been reported by many workers (Ravikoritch and Porat,
1967; Aslam and Muhammad, 1972). During the first crop of rice
(1992), maximum yield was observed from the poultry manure
treatment, which contained 3.4% Ca. However, in the following
crops, the pressmud treatment became progressively worse as
compared with the other treatments, indicating more residual
effects from the pressmud treatment. The pressmud contained enough
phosphor'5, in addition to 3.8% Ca. Since the pH of the saturated
paste of pressmud was 6.6, the pressmud produced more residual
acidity and increased the availability of more micronutrients,as
well as of P. From the data, however, it can be suggested that
brackish waters of varying qualities can be used successfully for
crop production using various organic management strategies.

Plant Tissue Analysis

Rice/wheat grain samples were analyzed for their ionic uptake.
The data are given in Table 6. Both sodium and chloride uptake was
reduced by the application of manure. A decrease in the ionic
concentration of Na can be attributed to the release of Ca from the
decomposition of green manures, as well as the solubilization of
native CaCO, (Gupta et al., 1989; Robbins, 1986). Calcium, competes
with Na for jon exchange reactions at the root-soil interface.
Calcium being divalent in nature, possesses a higher affinity than

5
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Na for absortion on the plant root surface. Brackish water with
high SAR and RSC reduced the Ca uptake. Suarez and Grieve (1988)
have reported that as the activity of Na* in the substiate
increases, the system becomes less discriminating, and the
selectivity of cCa?* is impaired. Increased root permeability,
caused by reduction in the availability of external ca’*, may lead
to the increased Cl1° uptake; Cl° uptake increased under the
brackish water treatment.

8oil Characteristics

The soil samples were analyzed for EC, SAR, and pH
determination after the harvest of each crop. The data are
presented in Table 7. They show a considerable development in soil
salinity/sodicity as a result of brackish water irrigation without
the application of any amendment. There was less development in
soil sodicity with the application of various manures because of
the increased ca?* concentration in the soil solution resulting
from the decomposition of the manures. As a result, the
permeability of the soil was improved as Na accumulated in the
soil profile when the brackish water was leached downward. Data
on the soil crusting/soil strength (Table 8) also reveal more
compactness in the soil where TW was applied continuously. Bulk
density was also 1low in the plots where organic amendments
(manures) were added. The effectiveness of various organic
amendments in improving the quality of brackish water has also been
reportzd by Wahab (1968) and Chillar and Swarup (1984).

study III
Crop Yield

The ameliorative effects of various amendments on the
quality of brackish water irrigation are shown in Table 9 which
gives yield data on the rice and wheat crops. The application of
acids or gypsum significantly enhanced yields for both crops.
This was due to the amelioration of the brackish water with the
application of these amendments. The addition of gypsum to the
soil increased permeability by increasing the electrolyte
concentration and by reducing the exchangeable sodium (Keren and
Shainberg, 1981; Loreday, 1976). Because of the competitive
behavior of Ca and Na in the soil in various exchange reactions,
the addition of gypsum to the soil resulted in the leaching of Na
ocut of the soil profile. Acids added to the irrigation water
reduced the corcentration of HCO, and contributed to an acidity on
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the so0il surface that released calcium (Ayers and Westcot, 1985).
Because of the double action of acids when added to soil/water
(i.e. neutralization of the CO; and HCO; of the irrigation water,
and release of native Ca in the calcarious soils), the acid
treatments resulted in better yields in the present study.

Plant Tissue Analysis

Rice/wheat grain samples were analyzed for the uptake of
various ions (Table 10). In the first crop of rice (19%2)
calcium uptake by the plants increased significantly over the
control with the application of gypsum or acids. This was due to
the increased concentration of soluble Ca in the soil solution as
a result of the application of amendmerts. Increased Na
concentration in the soil solution as a result of TW application
alone resulted in lower uptakes of Ca in the control. Sodium-
induced ca’* deficiencies have also been observed in earlier studies
by Grieve and Mass (1988) and Maas and Grieve (1987).

Potash concentrations in both the paddy and straw
were increased with the application of gypsum/acids. Brackish
water irrigation resulted in lowest K concentrations in the plant
tissues. Janzen and Chang (1987) found that barley plants exposed
for Na,SO, salinity contained only one-third the concentration of K
in their roots of those grown in nonsalinized solutions.

8o0il characteristics

The effects of brackish water irrigation and the various
management strategies on the soil chemical characteristics after
the harvest of each crop are reported in Table 11. An increase in
EC values, was observed in the plots amended with gypsum or acids,
though this increase was not comparable to the increase in EC in
the brackish water irrigated plots. The possible reason could
be the release of Ca in soil. The SAR of the soil increased from
10.58 to 18.59 (mmol L')"? in the plots irrigated with brackish
water. Soil bulk density (Table 12) was affected significantly,
though not more than in plots irrigated continuously with TW
without the application of amendments. Soil crusting was
significantly increased with brackish water irrigation. The sodic
hazard was nullified, however, when gypsum or acids were added to
the irrigation water.
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CONCLUBIONSB: :

These experiments suggest a possibile use for brackish
water under proper management strategies for sustaining crop
Yields. These strategies include the cyclic use of canal and
brackish waters, or the use of certain chemical amendments (e.q.,
gypsum, H,SO, or HCl) or organic amendments (e.g., organic manures
such as sesbania, poultry manures, or pressmud). Although i1 h e
acid treatments resulted in relatively higher yields than the
gypsum treatments, the use of gypsum as an alternative amendment
is recommended for the amelioration of brackish waters.
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Table 1: Effects of cyclic vs. blended use of canai and
brackish water on the yield of a rice-wheat
cropping system.

Treatment Rice(1992) Wheat (1992-93) Rice(1993)
t ha'

T,.Canal water alone 5.59 a 2.61 a 5.67 a

T,.Cyclic use 5.13 ab 2.56 b 5.17 b

Ty.Blend use-I 4.95 bc 2.38 b 4.35 b

T,.Blend use-II* - 2.47 b -

Ts.Tubewell water alone 4.76 c 1.87 b 3.83 ¢

a: Not applied to rice

Table 2: Effects of cyclic vs. blended use of canal and brackish
water on concentrations of various ions (¥) in plant
grain samples

Treatment Na K Ca Cl
2) Rice Crop (1992)
T,. CW 0.035 ¥ 0.297a 0.254a 0.240 c
T,. Cyclic 0.C637 0.274a 0.233b 0.270 bc
Ty. Blend~I 0.037 0.226b 0.210c 0.310 ab
T,. Blend-IT* - - - -
T5. TW 0.048 0.222b 0.1924 0.350 a
b) Wheat Crop (1992-93)
T,. CW 0.025 4 0.338a 0.297a 0.177 b
T,. Cyclic 0.029 c 0.280b 0.266ab 0.197 b
T. Blend-I 0.032 b 0.210a 0.233bc 0.253 ab
T,. Blena-II* 0.030 c 0.263c 0.265ab 0.237 a
Ts. TW 0.036 a 0.214a 0.212c 0.287 a
c) Rice Crop (1993)
T,. CW 0.034b 0.322a 0.285a 0.213 4
T,. Cyclic 0.035b 0.292b 0.280b 0.240 ¢
T;. Blend-I 0.040b 0.234c¢ 0.253b 0.296 b
T,. Blend-II* - 0.041b - - 0.288 b
Ts. TW 0.051a 0.227c¢ 0.225c 0.340 a

Means sharing similar letter(s) are statistically alike at 0.05
probability.

a: Not applied to rice
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Table 3: Effscts of cyclic vs. blended use of canal and brackish
water on soil chemical characteristics
Treatnent Before After After After
rice-I rice-I wiieat-1I rice-II

a) E¢ (ds m')

T,.CW 3.01 2.92 ¢ 3.07 4 3.17 c

T,.Cyclic 2.97 3.30 b 3.89 c 3.99 bc

T;.Blend-I 3.19 3.80 b 4.27 b 4.26 b

T,.Blend~-II - - 3.72 ¢ -

Ts.TW 3.75 4.42 a 5.00 a 5.62 a
b) BAR (mmol L')!?

T,.CW 8.95 8.89 ¢ 8.61 c 9.13 c

T,.Cyclic 8.94 9.96 ¢ 11.24 b 11.19 b

T;.Blend-I 95.85 11.23 b 11.61 b 11.24 b

T,.Blend-II - - 10.33 b -

Ts. TW 9.75 13.39 a 14.10 a 14.63 a
c) pH

T,.CW 8.21 8.18 Ns 8.12 ¢ 8.16 ¢

T,.Cyclic 8.17 8.19 8.20 ¢ 8.29 c

T;.Blend~I 8.20 8.24 8.34 b 8.44 b

T,.Blend-II - - 8.31 b -

Ts.TW 8.19 8.25 8.40 a 8.53 a

T, ¢ Not applied to rice

Table 4:

S8oil physical characteristics as affected by cyclic vs.
blended, canal and brackish water

Treatment Soil Bulk Density (Mg m?)

Soil Sstrength (kPa)

After After After After After After

rice-I wheat-I rice-II rice-I wheat-I rice-II
T,.CW 1.35 NS 1.35 N8 1.33M 396N 330 b 326 b
TQ.Cyclic 1.38 1.33 1.36 394 338 b 351 b
T;.Blend-I1.41 1.34 1.38 402 392 b 386 b
T,.Blend-II -~ 1.35 - - 396 b - a
Ts.TW 1.41 1.40 1.42 437 470 a 511 a

Rice-I = Rice crop (1992)

Rice-II

Rice crop (1993)

Wheat-I = Wheat crop (1292~93)

Ty: Not applied to rice
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Table 5: Effects of various brackish water management strategies
with organic amendments on the grain yield of crops

(Average of three repeats)

Treatment Rice-I Wheat-I Ri .»~II

(t ha') —
T,.Tubewell water 4.6. c 2.22 ¢ 3.48 c
T,.TW + GM Sesbania 5.5 ab 2.38 bc 4.08 b
T3;.TW + Pressmud 5. b 3.15 a 5.50 a
T,.TW + PM 5.7 a 5.70 a 2.68 b
Rice-I Rice crop (1992)

Rice-II = Rice crop (1993)

Wheat-I

Table 6: Effects of various brackish water management strategies
wvith organic amendments on the concentrations of various

Wheat crop (1992-93)

ions (%) in grain samples.

Treatment Na K Ca Cl

a) Rice Crop (1992)
T,.Tubewell water 0.040 a 0.133 b 0.156 b 0.401 a
7,.TW + GM Sesbania 0.034 b 0.187 a 0.193 ab 0.384 ab
T3.TW + Pressmud 0.031 b 0.175 a 0.200 ab 0.374 b
T,.TW + PM 0.183 a 0.226 a 0.369 b

b) Wheat Crop (1992-92}

T;.Tubewell water 0.029 a ¢.270 b 0.145 b 0.282 a
T,.TH + GM Sesbania 0.024 b 0.338 a 0.173 a 0.237 b
T;.TW + Pressmud 0.019 c 0.351 a 0.200 a 0.256 b
T;.TW + PM 0.021 bc 0.323 ab 0.186 a 0.252 b

c) Rice Crop (1993)
T,.Tubewell water 0.050 a 0.184 c 0.186 b 0.425 a
T,.TW + GM Sesbania 0.036 b 0.239 a 0.326 a 0.374 b
T,.TW + Pressmud 0.036 b 0.247 a 0.360 a 0.367 b
T,.TW + PM 0.033 ¢ 0.215 b 0.336 a 0.357 b

Means sharing similar letter(s) are statistically alike at 0.05%

probability level.
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Table 7: Effects of brackish water management strategies with
organic amendments om siol chemical characteristics.

Treatment Before After After After

rice-I rice-I wheat-I rice-II
a) EC (ds m')

T,.TW 3.42 4.18 a 4.23 5.25

T,.TW + GM Sesbania 3.49 3.14 b 3.55 4.19

T;.TW + Pressmud 3.40 3.50 b 3.75 4.32

T.TW + PM 3.17 3.24 b 3.43 4.08

b) BAR (mmol L')'?

T,.TW 13.29 16.22 a 17.17 a 18.23 a

T,.TW + GM Sesbania 13.45 15.35 ab 13.02 b 12.33 b

T;. TW + Pressmud 13.83 13.36 b 12.96 b 8.22 c

T,.TW + PM 11.05 11.11 b 11.74 b 8.96 c

c) pH

T,.TW 8.25 8.28™ 8.33Ns 8.78 a

T,.TW + GM Sesbania 8.20 8.13 8.21 8.47 b

T;.TW + Pressmud 8.94 8.14 8.11 7.98 c

T,.TW + PM 8.09 8.18 8.21 8.21 bc

Table 8: 8o0il physical characteristics as affected by brackish
water management strategies with organic amendments
(Average of three repeats)

Treatment Soil Bulk Density (Mg m?) Soil Strength (kPa)
rfter After After After After After
rice-I wheat-I rice-II rice-I wheat-I rice-II

T,. TW 1.50 a 1.47™ 1.49 a 462 a 488 a 542 a

T,.TW+GM 1.42 b 1.42 1.36 b 387 b 327 b 250 b

T,.TW+Pmudl.40 b 1.39 1.25 ¢ 356 b 314 b 260 b

T,,TW+PM 1.44 b 1.41 1.33 b 401 a 358 b 259 b

Rice-I = Rice crop (1992)

Rice-II = Rice crop (1993)

Wheat-I = Wheat crop (1992-93)

14

I



Table 9: Effects of various brackish water management strategies
with chemical amendments on the grain yield of crops
(Average of three repeats)

Treatment Rice-I Wheat-I  Rice-II
— (t ha')

T,.Tubewell water 4.68 b 1.92 ¢ 2.67 b

T,.TW + Gypsum 5.43 a 2.55 b 4.50 a

T,.TW + H,S0, 6.10 a 2.94 a 4.67 a

T,.TW + HC1 5.72 a 2.82 ab 4.16 a

Rice-I Rice crop (1992)

Rice-II = Rice crop (1993)
Wheat-I = Wheat crop (1992-93)

Table 10: Effects of various brackish water management strategies
with chemical amendments on the concentrations of various
ions (%) in grain samples

Treatment Na K Ca Ccl
a) Rice Crop (1992)

T,.Tubewell water 0.043 a 0.182 0.196 0.388

T,.TH + Gypsum 0.034 b 0.207 0.290 0.355

T;.TW + H,S0, 0.037 b 0.197 0.270 0.375

T.,.TW + HC1 0.035 b 0.195 0.264 0.394

b) Wheat Crop (1992-93)

T,.Tubewell water 0.031 a 0,277 0.200 ¢ 0.287
T,.TW + Gypsum 0.022 b 0.358 0.275 a  0.239
T;.TW + H,S0O, 0.025 b 0.323 0.240 b  0.248
T,.TW + HC1 0.022 b 0.306 0.253 ab 0.296

c) Rice Crop (1993)

T,.Tubewell water 0.059 a  0.124N 0.214N8 0.388 b
T,.TW + Gypsum 0.034 b 0.152 0.306 0.321 c
T,.TW + H,SO, 0.033 b 0.156 0.280 0.333 ¢
T,.TW + HC1 0.035 b 0.156 0.240 0.451 a
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Table 11: Effects of various brackish water ranagementstratecgies
with chemical amendments on s0il chemical characteristics

Treatment Before After After After
rice-I rice-I wheat-I rice-II

a) EC (ds m')

T,.TW 2.72 3.84 a 4.55 a 4.83 a
T,.TW + Gypsum 2.84 3.04 b 3.71 b 4.24 b
T;.TW + H,SO, 2.82 3.28 b 3.82 b 4.08 bc
T,.TW + HC1l 3.00 3.19 b 3.54 b 3.95 ¢
b) BAR (mmol L')!”
T,.TH 10.58 15.37 16.69 a 8.59 b
T,.TW + Gypsum 10.11 10.70 11.35 ¢ 8.67 b
T;.TW + H,S0, 9.62 10.33 11.33 ¢ 9.88 a
T,.TW + HCl 9.13 12.86 13.57 b 9.77 a
C) pH
T,.TW 8.23 8.35 8.40 M 8.76 a
T,.TW + Gypsum 8.19 8.28 8.25 8.47 b
T;.TW + H,S0, 8.25 8.14 8.18 8.21 b
T,.TW + HCl 8.27 8.08 8.21 8.19 b

Table 12: 8o0il physical characteristics as affected by brackish
water management strategies with chemical amendments
(Average of three repeats)

Treatment Soil Bulk Density (Mg m?) Soil Strength (kPa)

After After After After After After

rice-I wheat-I rice-II rice-I wheat-I rice-II
T,.TW 1.43MN8 1.41M 1.40M 443 465 492
T,.TW + Gypsum 1.38 1.35 1.23 383 388 344
T;.TW + H,SO, 1.37 1.30 1.31 365 383 312
T,.TW + HC1l 1.38 1.32 1.30 4724 382 357
Rice-I Rice crop (1992)

Rice-II
Wheat-I

Rice crop (1993)
Wheat crop (1992-93)
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Potassium Release Characteristics of Sand and Siltin Relation to Mineralogy: |. Selected
Mollisols, Vertisols, and Inceptisols

M.S. Akhtar, Z.I. Awan, and M. Arshad

ABSTRACT

Seven soil series, representing highly weathered soils of Pakistan, were investigated
to document their nonexchangeable potassium (K) pool in sand and silt size fraction in
relation to mineralogy. The Biha, Mali, and Murree series were clay loam in texture
while the Ushu, Shahi, Kotly, and Jhatpat series were silty clay. The differences in
particle size distribution were attributed to the source of parent material. Sand/silt ratio
in the Shahi and Ushu series remained unchanged with profile depth suggesting that
at respective sites both the soils were developed in uniform parent material.

Sand fraction of the soils were composed of mainly quartz and feldspar with some
mica and chlorite except Kotly which was mainly composed of quartz and feldspar. Silt
fraction was also composed of mainly quart, mica, and feldspar. The Biha soil
contained the higher amount of biotite than Kotly in sand fraction. But in silt size
fraction, Kotly profile contained the higher biotite and muscovite than the Biha. The
aifferences in sand and silt mineralogy were attributed to the source of soil parent
material and mineral weathering. The soil derived from granite and granodiorite
contained higher boiling nitric acid extractable K than the highly weathered alluvial soil.
The Kotly sand released the lowest K. The silt fraction in the Kotly and Murree soils
yielded 4 to 5 times higher K than the corresponding sand fraction while reverse is

true in case of Jhatpat.

Boiling nitric extractable K was strongly correlated with biotite content and correlation
with muscovite was significant only in case of alluvial soils while there was no
significant correlation with K feldspar content. Addition of biotite and muscovite or
biotite, muscovite, and feldspar did not improve the correlation coefficient. Also, boiling
nitric acid extractable K was positively correlated with total Al content of the sand
fraction where as there was no significant relation with total Mg + Fe. Although, Mg +
Fe indicates the trioctahedral nature of the phyliosilicates but probably, the large
quartz matrix has masked the effect of nature of mica.

INTRODUCTION

Potassium (K) deficiency to growing crops has been observed as a limiting factor to
economical crop production on many soils of Pakistan (Rashid et al., 1992).
Nonetheless, crops grown on some light textured soils with rather low soil-test K value
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do not respond to K application. Sandy, coarse textured soils sometimes do not show
K deficiency. Mica and interstratified mica in the silt and clay fractions has strong
correlation with exchangeable K and possibly K released replenishes the soil solution
K (Hons et al., 1976). Considering K-uptake and depletion in NH,OAc-K with plant
growth, it was concluded that 43 to 95% of K-uptake came from nonexchangeable K
reserves (Rahmatullah et al., 1992). However, Grimme (1974) opined that even
sufficient pool of nonexchangeable K in soil would fall short to meat crop K
requirement if its release rate from soil matrix does not keep pace with plant uptake.

Potassium reserves are bound within the soil minerals and their availability to plants is
directly related to the nature of the K-bearing minerals. The main groups of K bearing
minerals are 2:1-type phyllosilicates and K feldspars. In 2:1 layer silicates SiO,
tetrahedra are linked, at two planes, to Al,O, octahedra forming a complete layer. In
case of isomorphous substitution of A** for Si** in tetrahedral sheet or of Mg* and
Fe? for Al in octahedral sheet, the inierlayer cation (K) balances the negative
charge. Therefore, the layer silicate can be further classified on the basis of location
and type of substituting cations in the structure. In trioctahedral series all three
octahedral sites are occupied by divalent cations, Mg® and Fe® (biotite) and in
diociahedral series two of the three sites are occupied by the trivalent cations, A
(muscovite). In contrast to phyllosiiicates, K feldspar are tectosilicates composed of a
{hree dimensional framework of SiO, aiid Al,O, tetrahedra with sufficient opening to

accommodate K to maintain electroneutrality.

I

Potassium release characteristics are controlled by the structural variations. Biotite
weathers at a faster rate maintaining higher K .concentration in the equilibrium solution
than muscovite (Martland, 1958; Reed and Scot, 1962; Feigenbaum et al., 1981). The
multifold ditference in the rate of K release between the di- and trioctahedral mica has
been attributed to the hydroxyl (OH) orientation in the octahedral sheet (Basset, 1960).
The present study was conducted to determine the relation of mineralogical
composition, particularly nature of sand and silt mica, with K release in boiling nitric
acid treatment of the respective size fraction.

MATERIALS AND METHODS

Description of the Soil

Seven different soil series representing a range of parent material and profile
tevelopment were included in the study (Table 1). The Biha soil series is developed In
alluvium derived from granite, granodiorites, diorites, norites and some phyllite. Shahi
soll is developed in mixed alluvium derived from granite, phyliite, and redeposited
loess. The Ushu soil series is developed in alluvium derived from phyllites, micaceous
quarizite, and siliceous schists. Mali soil series is derived from granites, granodiorites,
and quartz diorites. The soils represent a few of the acidic soils in Pakistan and they

occur in subhumid boreal climate.
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The Kotly is developed in mixed mineralogy alluvium from the Himalayas derived by
the Indus River system. The Jhatpat is developed on piedmont alluvium from Murri-
Bughti hills. The soil occur from arid to subhumid climate. The Murree soil is
developed from calcareous shale interbeded with sandstone. The Kotly soil is irrigated.

The irrigation water brings in unweathered mineral matter.

Biha series has deep (> 1 m thick) non calcareous, moderately weil to imperfectly
drained, very dark grayish brown mottled loam. It has mollic epipedon, cambic B
horizon, 1 to 3% organic matter, and pH ranging from 5.2 to 6.7. Shahi is deep, non-
calcareous, well drained, very dark grey, silt loam underlain by yellowish brown silty
clay loam with common distinct mottles. It has mollic epipedon and cambic B horizon.
Ilts organic matter upto 60 cm depth ranges from 5 to 9% and pH from 5.6 to 6.2.

Ushu is moderately deep non calcareous, well drained, dark yellowish brown to dark
brown, silt loam to silty clay loam, with a mollic epipedon, having organic matter from
1 to 3% and pH from 4.8 to 6.8. The soils occur in subhumid temperate and boreal
climate. Mali series occupies 10 to 25% slopes. It is moderately deep, non-calcareous,
well drained grayish brown, gravelly loam/sandy loam with a mollic epipedon.

The Kotly soil series occurs in semi-arid to subhumid climate and occupies <1% slope.
It is deep non-calcareous, moderately well drained, grayish brown with ochric
epipedon and cambic B :'orizon. Its organic matter content is about 1.1% and pH

varies from 7.5 to 7.7.

Soil sampling and fractionation

Bulk soil samples v'ere taken from each genetic horizon, air dried, crushed with a
wooden roller, and passed through a 2 mm scren. A 20 g portion of each sample
was treated to remove carbonate with 1 N NaOAc buffered to pH 5.0, organic matter
with 30% H,0,, and iron oxide with citrate-bicarbonate-dithionite (CBD) buffered at pH
.7.3 (Jackson, 1979). Treated samples wers dispersed in a pH 10 Na,CO; solution by
a 15 second sonification treatment with a macrotip. From the soil suspension, sand
(2-0.05 mm) was separated by wet sieving through a 0.051 mm nominal pore-size
screen and silt (50-2 pym) by five repeated 15 second sonification and centrifugation
washing. The remaining total clay (<2 um) was further fractionated into coarse (2-0.2
ym) and fine (<0.2 im) clay fractions by similar five-repeated sonification-
centrifugation treatments. The sand and silt were oven dried at 105 °C. The coarse
and fine clays were made salt free by dialysis and were freeze dried. Particle size
distribution was determined on oven dried scil basis.

Mineralogical and Chemical Analyses

For mineralogical analysis each sand and silt fraction was compressed into a wooden
holder for randomly oriented X-ray diffraction powder mounts. The sand was ground in
acetone before making the powder mounts. Each sample was X-radiated at a
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scanning speed of 1° 20 per minute with monochromatic Cu K-a radiation.

For total chemical analysis, the sand and silt fractions were digested in HF and aqua
regia in pressure bombs and diluted to 100 mL with saturated boric acid solution, and
assayed by an atomic absorption. Potassium in the extract was assayed by a flame
photometer. Mica percentage in the fractions was calculated assuming 10% K,0 in
mica crystais (Jackson, 1979) and assuming that all the K released came from mica.

Microprobe Analysis

For microprobe analysis, 2 soils were selected based on their K release
characteristics. The Biha represented acid soils and Kotly weathered alluvial irrigated
soils. The sand and silt grains in the upper 3 horizons were mounted on aluminum
stubs with carbon tape, and sputter coated with 200 to 300 A gold using Hummer-V
Sputter Systam run at 10 mA for 2 to 3 min. Microprobe analyses of the sand and silt
were done with a JEOL-6400 scanning efectron microscope (SEM) equipped with a
microprobe at a working distance of 39 at 25 kV accelerating voltage. In each case
about 100 grains of 50 to 100 ym sand and 10 to 20 pm size silt of random
morphology were analyzed by making 4 to 5 transect over the stubs.

Potassium Release Characteristics

Boiling itric acid extractable K in the sand and silt was determined by boiling 1 g
sample in 25 mL 1N HNO, for 10 minutes (Knudsen et al., 1982). Potassium was

assayed by flame photometer.
- Soil Texture and Dégree of Profile Developrhent

The seven soils, the Biha, Mali, and Murree series are light in texture as indicated by
“their abundant sand fraction. Sand in the Biha soil varied from 45 to 62%, in the Mali
30 to 47%, and in Murree 20 to 55%, except for Cr horizon of Mali where sand
fraction was 93%. Silt fraction varied from 27 to 40% in Biha, 37 to 48% in Malli and
40 to 48% in Murree (Table 2). The Ushu, Shahi, Kotly, and Jhatpat series were
relatively heavy soils. In these soils, sand varied from 1 to 25%. The silt fraction in
Shahi and Ushu varied from 56 to 72%, and in Kotly and Jhatpat "3 to 52% (Table 2).
Therefore, the Biha, Mali, and Murree series were clay loam to silt loam and the Ushu,
Shahi, and Koily series were silty clay in texture. The Jhatpat series was a clayey.

The differences in particle size distribution are mainly due to source of parent material.
-The Biha and Mali soils are developed in colluvium and residuum derived from granite,
granodiorite, and quartzdiorite while Ushu is developed in alluvium derived from
phyllites, micaceous quartzite, and siliceous schists and Shahi is developed in mixed
alluvium derived from granite, phyllite and redeposited loess. The Jhatpat is developed
on piedmont alluvium mainly derived from shales and limestone. Therefore, the Ushu
Shahi, and Jhatpat soil series have higher clay content than the Biha and Mali series.
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Murree is developed in shale interbeded within sandstone, therefore, the sand had
been incorporated in the soil matrix.

Sand/silt ratio in the Shahi and Ushu series do not change significantly with profile
depth but the change was recognized in the remaining four soils. It is suggested that
at respective sites both the soils were developed in a uniform parent material. On the
other hand, the Biha and Mali series showed lithologic discontinuity in their profile as
indicated by sudden changes in sand/silt ratio. In the Kotly soil there is a textural
break at the depth of 132 cm. In the upper part of the profile (0-132 cm) sand varied
from 2-3% and in the lower part it is 14 to 24%. A

Sand and Silt Mineralogy

Sand fraction from the acidic soil was composed of mainly quariz and ieidspar with

- some mica and chlorite. Selected data X-ray diffraction data is depicted is Figure 1.
Mica and feldspar contents in the silt fraction of Biha and Mali soil series slightly
increased with depth. Quartz and feldspar peaks were sharp and symmetric while
chlorite and mica peaks were relatively wide, suggesting low. crystallinity in the later
case. Chlorite peak in Mali soil was more intense than the Biha soil. The sand fraction
of Kotly, is mainly composed of quartz and feldspar (Fig. 1a). Mica percentage in sand
as determined by the total K analysis varied from 6 to 14% in the Kotly and 5 to 20%
in Murree (Table 4). Sand size mica in Murree and Kotly increased toward the surface.

Silt fraction was also composed of mainly quart, mica, and feldspar. Mica peak
intensity in the silt was higher than the corresponding sand (Fig. 1b). In the X-ray
diffractogram of Biha and Malli scils the second order peak was not observed
suggesting the trioctahedral nature of the mineral (Moore and Reynold, 1989). As
determined by the total K analysis, mica in silt fraction varied from 16 to 24% in Kotiy
and 7 to 23% in Murree (Table 4). In Murree mica in silt increased with depth but in
Kotly it remained unchanged. In the Mali profile silt size mica varied from 13 to 19%

and decreased with depth.

Microprobe analysis of the sand from upper three horizons of the two soils suggested
that the Biha soil contained the higher amount of biotite than Kotly. The mineral in the
sand fraction varied from 3 to 12% in the Biha and 0 to 2% in Kotly (Table 3). There
was no biotite in the upper 40 cm of the Kotly profile sand. The Biha soil had no
muscovite except about 1% in Bw horizon. In the Biha profile K feldspar varied from 7
to 14 % in sand. The concentration of intermediatory (Ca-Na) feldspar was higher in
the Biha soil than the Kotly. In the profile it varied from 30 to 47% with increasing
trend toward the surface and replacing quartz. In the Kotly it varied from 5 to 15%
increasing with depth. ' S

Microprobe analysis of silt fraction suggested that the Kotly profile contained the
higher bittite and muscovite than the Biha. Biotite ranged from 11 to 29% with

29



increasing trend toward the surface (T able_3). Muscovite was also higher in Kotly than
Biha soil. Silt size K-feldspar varied from 8.8 to 20% in Kotly and 7.5 to 11.6% in Biha
profile. Again, as in case of sand, silt from the Biha profile contained the higher -

intermediatory (Ca-Na) feldspar.
Boiling Nitric Acid Extractable Potassium

“The soil derived from granite and granodiorite contained higher boiling nitric acid
extractable K than the highly weathered alluvial soil (Table 4). In the Shahi HNO, K
varied from 1340 to 2900 mg/kg in the sand and 1670 to 1990 mg/kg in the silt. In the
Biha soil, K content varied from 1200 to 1840 in the sand fraction and 1470 to 1740
mg/kg in the silt fraction. In the Ushu soil, K content ranges from 1090 to 1720 in the
sand and 1480 to 1740 mg/kg in the silt fraction. Sand from the Malli soil released
1160 to 1780 mg/kg HNO, extractable K and silt 1280 to 2350 mg/kg K. In the Biha
" and Shahi soils boiling nitric acid extractable K in sand generally increase with profile
depth while there was no consistent trend in case of silt from the same soils.

The Kotly sand released the lowest K, it ranged from 110 to 800 mg/kg with increasing
trend with depth in the upper 4 horizons. The silt fraction in the Ketly and Murree soils
yielded 4 to 5 times higher K than the corresponding sand fraction while reverse is

true in case of Jhatpat.

Boiling nitric extractable K was strongly correlated (p <0.01) with the biotite content of
the soils. The conclusion was based on only sand and silt fractions taken from the
soils of varied parent material and profile development. There was no significant
correlation: between K feldspar content and HNO, extractable K. The correlation
between HNO, K and muscovite content was §ignificant only in case of alluvial soils (R
0.49, p <0.04). Determining the correlation by adding biotite and muscovite or biotite,
muscovite, and feldspar did not improve the correlation coefficient. Also, boiling nitric
acid extractable K was positively correlated with total Al content of the sand fraction (R

0.46 p <0.01) but not with total- Mg + Fe.

DISCUSSION

The differences in texture may be correlated with soil parent materia.l. The Biha and
Mall soils are developed in colluvium and residuum derived from granite, and
granodiorite, and quartzdiorite while Ushu is developed in alluvium derived from
phyliites and siliceous schists and Shahi is developed in mixed alluvium derived from
granité, phyllite and redeposited loess. Therefore, the Ushu and Shahi soil series have
higher clay content than the Biha and Mali series. The Jhatpat is developed on
subrecent piedmont alluvium derived from Tertiary sandstone, shale, and limestone of
Murri-Bughti hills. In this case clayey sediments have been sorted due to slow moving
torrents (Soil Survey of Pakistan, 1972). The Murree soil is developed from calcareous

shale interbeded with sandstone.
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In profile development studies consistency in sand/silt ratio with profile depth is a
measure of parent material uniformity. A lithologic discontinuity in the parent material
may be recognized when change in sand’silt ratio between the adjacent horizon

" exceeds 0.08 (Smeck and Wilding, 1980 and Carty et al., 1988). Sand/silt ratio in the
Maili soil changed significantly with profile depth. It is suggested that the Malli, Ushu,
and Shahi soils are developed in a uniform parent material. In the Kotly soil there is a

textural break at the depth of 132 cm.

Mineralogical composition of sand and silt fractions varied with source of parent
material and profile weathering stage. The sand fraction of the Kotly was mainly
composed of quartz and feldspar is caused by high weathering due to pluvial
conditions. Silt fractions was composed of mainly quart, mica, and feldspar. Mica peak
intensity in the silt was stronger than corresponding sand indicating dispersion of sand
size mica into silt fraction. Total chemical analysis suggested 6 to 14% mica in the
sand fraction while XRD did not show the presence of mica. This discrepancy can be
explained by (1) in randomly oriented mounts mica has to be >10% to get a detectable
XRD peak and (2) mica percentage in the sample was calculated assuming no
feldspar was present which is not a valid assumption for these samples.

There was no biolite in the upper 40 c¢m of the Kotly profile sand which also indicate
greater weathering. Biha soil had no muscovite except about 1% in Bw horizon which
is due to the nature of the granitic rock. Potassium feldspar in sand was higher in Biha
profile than Kotly. But Kotly silt from surface horizon had greater K feldspar where
blotite was greater. It may point towards the fact that the irrigation water brings in
fresh mineral matter. The concentration of intermediatory (Ca-Na) feldspar in saiid and
silt was higher in the Biha soil which increased toward the surface and replacing
quartz. It is believed that the granite on which the Biha is developed has
intermediatory (Ca-Na) faldspar matrix (Martin et al., 1962).

The acid soils have higher hot nitric acid extractable K than the alluvial or loess soils.
In the Biha and Shahi soils hot nitrlc acld extractable K in sand generally increased
with profile depth while there was no depth trend in the Ushu and Malli soil which
nearly corresponded with lithologica! discontinuity. In the alluvial soils K extracted
followed the degree of profile development. The Kotly sand released the lowest K. The
silt fraction in the alluvial soils yielded 4 to 5 times higher K than the corresponding
sand fractions. The trend mineralogical composition of sand and silt fractions,
particularly the concentration of biotite, matches with K extracted with hot nitric acid

from the respective size fraction.

Bolling nitric extractable K was strongly correlated with the biotite content, correlation
with muscovite content was significant only in case of alluvial soils, while there was no
significant correlation with K feldspar content. Determining the correlation by adding
piotita and musacovite or biotite, muscovite, and feldspar did not improve the
correlation coefficient. Also, boiling nitric acid extraciable K was positively correlated
with total Al content of the sand fraction where as there was significant relation with
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total Mg + Fe. The conclusions were based on only sand and silt fractions taken from
the solls from varied parent material and profile development. Although, Mg + Fe
indicates the trioctahedral nature of the phyliosilicates but probably, the large quartz
matrix has masked the effect nature of mica. Probably, the sandv matrix has masked

the effect of nature of m’ica.
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Table 1. Classification and location of the soils.

Soil'series  Classification’ 'Location

Ushu Tvpic Hapludoll 1 km north west of Kalam, ristrict Swat, NWFF
Biha Moilic Haplaquept Thui valley, distric Dir, NWFP

Shahi Mollic Haplaquept  Shahi valiley, district Dir, NWFP

Mali Typic Ustochrept  North of Pluga village, district Swat, NWFP
Murree Typic Hapludoll Jeeka Gali, Murree, Punjab

Jhatpat Entic Chromustert Dera Murad Jamali, Balo..;histan

Kotly Entic Chromusteit Daska road fujranwala, Punjab

* US Soil classification (Soil Survey Staff, -1987).
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Particle size distribution in soils.
CClay FClay SN/SL CC/FC

Table 2.
HORZN Depth

Sand Silt

(cm)
Biha, Mollic Haplaquept

Ap 0-12 55.4 33.6 6.0 1.7 1.65

Bh 12-30 61.9 26.9 5.8 1.7 2.30

Bw 30-46 53.7 35.3 6.0 2.1 1.52

Bg 46-60 44.9 39.7 8.4 3.8 1.13

Cr 60-73 45.7 38.4 8.4 5.4 1.19
Shahi, Mollic Haplaquept

AlB1 C-15 . 69.1 15,2 7.3 0.13

Bw 15-30 . . . . .

Bgl 30-45 5.8 55.6 17.3 8.4 0.10

Bg2 45-60 2,2 59.3 12.4 9.9 0.04

BC 60-75 5.9 55.5 18.0 11.2 0.11
Ushu, Typic Hapludoll

Ap 0-15 7.2 71.0 11.3 2.5 0.10

Bw 15-30 6.7 72.2 9.8 5.3 0.09

B2 30-60 7.7 69.5 11. 5.8 0.11

B22 60-100 4.6 72.6 12.5 7.2 0.06

B2b 100-115 5.7 69.1 13.5 10.4 0.08

B2b 115-120 4.7 64.6 15.4 10.9 0.07
Mali, Typic Ustchrept

Ag 0-12 47.4 36:6 6.6 0.7 1.30

B 12-30. 30.5 47.6 8.8 5.6 0.64

Bg 30~-45 38.1 46.3 8.3 5.5 0.82

Bg 45-60 29.9 48.0 11.5 5.0 0.62

Cr 60-70 93.6 4.0 1.1 0.3 3.27
Murree, Typic Hapludoll

Ae 0~11 26.6 39.2 12.1 8.4 0.68

Bt1l 11-32 25.1 40.4 13. 6.9 0.62

Bt2 32-54 26.3 44.6 15.4 12.5 0.59

2Bt3 54-74 19.7 44.4 18.2 9.0 0.44

2Bt4 74-92 21.8 44,9 10.3 4.7 0.49

Btk 92-113 33.1 46.3 12.4 7.5 0.71

4BC 113-130 54.4 32.5 7.0 4.5 1.68

3BC 130-142 17.6 40.6 32.7 9.1 0.43

SCr 142-160 10.5 + 22.9 41.0 11.4 0.46
Jhatpat, Entic Chromustert

Ap 0-8 1.1 25.9 26.0 16.2 0.04

Bw 8-17 2.1 26.0 27.3 22.1 0.08

Bk1 17-46 1.1 25,3 28.5 23.7 0.04 1.20
Bk2 46-66 1.7 22.3 22.9 20.6 0.08 1.11
Bk3 ' 66-86 2.2 32.3 23.1 26.0 0.07 0.89
Bk4 . 86-104 5.5 24.1 25.9 14.2 0.23 1.83
BCk 104-125 2.3 37.8 21.8 7.2 0.06 3.03
Ck 125-+ 4.8 49.6 14.2 4.7 .,0.10 3.01
Kotly, Entic Chromustert )

Ap 0-12 ° 3.7 50.0 18.5 22.0 0.07 0.84
Bwca 42=75 2.6 51.7 13.5 24 .4 0.05 0.55
Bwel 75-132 2.6 47.3 20.7 24.0 0.06 0.86
BCk2 132-150 14.9 34.7 12.4 . 0.43 .
BCkl 150-178 24.8 42,0 5.6 6.8 0.59 1l.41

fegend: HORZN, soll horizon; Sand, sand (2 to 0.05 mm); Silt,
siit (30 to 2 um); Cclay, coarse clay (2 to 0.2 um); Fclay, fine
clay (<0.2 pm); SN/SL, sand silt ratio; and CC/FC, coarse clay

fina clay ratio.
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Table 3. Distribution of different mineral phases in the sand and

silt as determined by SEM microprobe analysis.
Qurtz Chlrt Biott Musc Kflid cafd Nafl Intd Tcnt

Horzn Depth

(cm) =~ ==mmmoommomEomTT ($)-~-==-=—"—=-""~°""=~ no
Kotly, Entic Chromustert, sand

Ap 0-12 75.6 0.0 0.0 7.3 9.8 2.4 0.0 4,9 41.0
Bwcl 12-42 77.5 2.8 0.0 1.4 7.0 2.8 0.0 8.5 71.0
Bwcl 42-175 63.0 p.0 1.9 1.9 14.8 1.9 1.9 14.8 54.0
Kotly,'Entic Chromustert, silt

Ap 0-12 40.0 0.0 0.0 25.0 20.0 5.05.0 5.0 20.0
Bwcl 12-42 34.1 11.0 9.9 22.0 8.8 0,0 8.8 5.5 91.0
Bricl 42-75 32.7 5.0 12.9 21.8 13.9 2.0 2.0 9.9 101.0
Biha, Mcllic Haplaquept, sand

Ap 0-12 26.2 1.9 2.9 0.0 10.7 10.7 1.0 46.6 103.0
BA 12-30 15.0 1.9 2.8 0.0 10.3 26.2 1.9 42.1 107.0
Bw 30-46 21.2 5.3 11.5 0.9 14.2 13.3 3.5 30.1 113.0
piha, Mollic Haplaquept, silt

Ap 0-12 33.0 7.8 2.9 1.0 10.7 2.9 2.9 38.8 103.0
BA 12-30 26.1 8.1 0.0 5.4 9.9 6.3 12.6 31.5 111.0
Bw 30—46 27-1 407 804 4-7 705 5.6 804 33l6 10700

. Legend: HNO3-K, K extracted in IN boiling HNO3 acid; Qurt, quatrz;
Chir, chlorite; Bott, biotite; Musc, muscovite; Kfld, K feldapar;
cafl, ca feldspar; Nafl, Na feldspar; Intd, mostly Ca-Na
intermediatory feldspar with some unrecognizable minerals; TCnt,

total number of grains counted.
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Table 4. Total elemental analysis and boiling HNO3 extractable K in
the sand and silt fractions.

Horlzn Depth Total Al Total Fe+Mg Hot HNO3-K Total K
Sand Silt Sand Silt Sand Silt Sand Silt
(cm)  --------- (¥y---——----- ---mg/kg-- ~ ----- -
Biha, Mollic Haplaquept
Ap 0-12 . . . . 1198 1736 . .
Bl 12-30 6.8 . 2.1 . 1493 1629 1.9 .
B21 30-46 8.7 5.2 3.9 6.2 1577 1712 3.1 1.4
B22 46-60 9.0 5.3 3.5 5.8 1840 1736 1.7 1.4
B3 60-73 5.4 8.7 4.5 11.5 1752 1477 1.5 1.7
Shahi, Mollic Haplaquept
AlB1 0-15 7.6 0.0 6.0 5.7 1634 1696 1.2 1.1
B21 15-30 8.3 21.5 9.2 5.2 1340 1989 1.8 1.7
B21 30-45 6.4 20.9 12.3 13.2 1407 1858 1.1 1.6
B22 45-60 6.9 21.7 . 4.2 2517 1791 . 1.1
BC 60-75 25.1 21.9 12.6 9.0 1980 1672 0.9 1.1
Cl 75-90 23.1 . 4.6 2897 1776 . 1.4
Ushu, Typic Hapludoll
Ap 0-15 9.0 27.4 8.8 4.9 1340 1734 1.4 1.6
BA 15-30 7.4 24.3 7.5 4.9 1339 1480 1.5 1.9
B2 30-60 8.0 28.8 8.0 4.2 1237 1515 1.5 1.6
B22 .60-100 . 25.9 . 4.7 1714 1588 1.6
B2b 100-115 8.2 23.5 3.8 5.0 1600 1639 1.2 2.3
B2b 115-120 0.0 22.8 . 3.8 1190 1576 1.3
Mali, Typic Ustchrept
Ap 0-12 7.2 22.8 4.1 5.4 1658 1513 2.3 1.6
B2 12-30 9.5 24.0 6.9 5.4 1628 1413 0.7 1.4
B2 30-45 12.1 6.4 7.8 4.4 1774 1758 0.3 1.4
Cl 45-60 7.1 20.9 7.2 4.7 1217 1279 0.3 1.3
c2 60-70 6.2 24.4 2.4 4.6 1166 2349 1.9 1.2
Murree, Typic Hapludoll
Ae 0-11 2.1 2.8 1.1 3.6 178 214 1.8 0.6
Btl 11-32 1.9 3.9 1.5 3.1 126 311 1.3 0.7
Bt2 32-54 1.4 2.7 1.2 3.5 134 233 0.4 0.7
2Bt3 54-74 1.6 6.4 1.4 3.7 151 324 0.6 1.5
2Bt4 74-92 1.8 7.5 2,3 3.5 139 272 0.5 1.7
3Btk 92-113 1.9 9.9 1.4 4.2 139 272 1.1 1.9
4BC 113-130 1.4 6.4 1.5 3.1 127 362 0.6 1.5
5BC 130-142 2.8 7.8 1.6 4.2 154 511 0.4 1.8
5Cr 142-160 2.0 7.0 2.4 4.5 239 520 0.7 1.8
Kotly, Entic Caromustert
Ap 0-12 5.8 7.7 1.8 3.1 594 1546 1.2 2.0
Bwcl 12-42 5.7 7.2 3.1 2.9 782 1523 1.0 1.9
Bwc2 42-75 5.4 7.6 5.1 2.5 794 1669 1.1 1.8
Bwc3 75-132 5.5 8.5 6.4 3.4 900 1561 0.7 2.0
BCk1l 132-150 3.4 7.3 6.3 4.0 264 1066 0.5 1.5
BCk2 150-178 5.3 7.6 5.6 4.0 110 919 0.8 1.3
Jhatpat, Entic Chromustert
Ap 0-8 6.9 4.4 1478 455 . 1.7
Bw 8-17 8.4 4.9 2000 549 . 1.5
Bkl 17-46 5.8 3.4 1882 476 1.2
Bk2 46-66 6.9 4.2 2750 455 1.5
Bk3 66-86 6.8 4.5 2308 283 1.6
Bk4 86-104 6.2 4.2 1553 782 . 1.3
BCk 104-125 6.8 4.4 1931 330 . 1.4
Ck 125- 6.0 4.3 455 171 . 1.4

*, Total chemical analysis by digestion in aqua regia and HF 1in
pressure vessel (Jackson, 1979) and #, Boiling nitric acid (Knudsen

et al., 1982).
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g. 1. X-ra?' diffraction pattern of the Kotly rErof ile; (a) sand (2 to 0.05 mm) and
* (b) silt (50 to 2 ym). M, mica; Q, qua M,Q, mica and quartz; Fid, feldspar.
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Potassium Release Characteristics of Sarid and Siit in Relation to Mineralogy:
Selected Alfisols and Aridisols

M.S. Akhtar, M. Arshad, and Z.I. Awan

ABSTRACT

Six soll series representing moderately weathered soils of Pakistan were investigated to determine their
nonexchangeable potassium (K) pool in sand and silt fraction in relation to mineralogy. The Guliana
and Satgra were silt clay and Peshawar and Pacca were silt loam, Wazirabad sandy loam, and
Balkassar was loam. Parent material discontinuity as indicated by the variation in sandsilt ratio was
recognized in Satgra after 127 cm, in Peshawar after 1 m, and in Pacca after 43 cm. In the Wazirabad
and Balkassar sand/silt ratio changed almost with each horizon while in the Guliana sand/silt ratio

remained consistent with profile depth.

The sand fractions of the soils were composed of mainly quarz and feldspar with some mica and
chlorite. The sand fraction of the Guliana soil contained progressivzly higher mica content toward lower
horizons. This depth trend was not found in alluvial soils. The sand fraction of the Satgra, Wazirabad,
and Balkassar was mainly composed of quartz and feldspar. Silt fractions was also composed of mainly
quan, mica, and feldspar. Mica in the siit was higher than the corresponding sand. The Satgra silt had

mostly dioctahedral mica.

4%. In both the fractions biotite

Biotite in sand fraction of Guliana varied from 4 to 6% and in silt 1 to
and in siit 9 to 12% while K-

decreased with profile depth. Muscovite in sand varied from 7 to 10%
feldspar varied from 6 to 11% in sand and 11 to 12% in silt.

The Pacca sand released the highest K in boiling HNO,. Boiling nitric acid extractable K from sand
ranged from 3070 to 6160 mg/kg in Pacca, 300 to 1360 in Satgra, 300 to 780 in Wazirabad. In the
residual soils, the highest K was released by Guliana followed by Peshawar and Balkassar sand. The
silt fraction in the Satgra and Wazirabad soils yielded 2 to 5 times higher K than the corresponding
sand fraction while in the Pacca soil silt yielded lesser K than the corresponding sand. Potassium
released by Guliana sand varied from 1020 to 2130 mg/kg, by Peshawar sand 740 to 1460, and by
Balkassar sand 130 to 250 mg/kg. In the Guliana soil boiling nitric acid extractable K varied from 1100
to 1960 mg/kg in the silt fraction. In the Guliana, Balkassar, and Peshawar solls HNO, extractable K
from sand and silt increased toward the surface as well as 10 the lower depth.

Boiling nitric acid extractable K was sirongly comelated (p <0.01) with the biotite content of the soils.
There was no significant comelation between K felosnar content and HNO, extractable K. Boiling nitric
acid extractable K was positively correlated with total Al content of the sand fraction (R 0.46 p <0.01).

INTRODUCTION

Potassium (K) deficiency to growing crops has been observed as.a limiting factor to
economical crop production on many soils of Pakistan (Nabhan et al., 1989). However,
relationship between soil “available K" and crop response has never been consistent.
Crops grown on some light textured soil with rather low soil-test K value do not

National Agricultural Research Center, Islamabad 45500.
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respond to K application vis-a-vis crops on some clay soils with rather high soil-test K
faces severe K deficiency. Potassium in soil exists in immediately available and
nonexchangeable forms. The nonexchangeable form comprises of fixed and mineral K

(Sparks and Huang, 1985).

The two groups of K bearing minerals are 2:1-type phyllosilicates and K feldspars. In
2:1 layer silicates, SiO, tetrahedra are linked, at two planes, to AL O, octahedra
forming a complete layer. In case of isomorphous substitution of AP for Si* in
tetrahedral sheet or of Mg and Fe® for A" in octahedral sheet, the interlayer cation
(K) balances the negative charge. This substitution basis for further classification of
layer silicates. In trioctahedral series all three octahedral sites are occupied by divalent
cations, Mg and Fe® (biotite) and in dioctahedral series two of the three sites are
occupied by the trivalent cations, Al** (muscovite). In contrast to phyllosilicates, K
feldspars are tectosilicates composed of a three dimensional framework of SiO, and
AlLO, tetrahedra with sufficient opening to accommodate K to maintain

electroneutrality.

Mineral K which is major portion of the total K can become available slowly through
weathering process but K release is controlled by the structural variations. Release of
interlayer K from a trioctahedral mica is 7.5 to 25 times faster than from the
dioctahedral mica (Feigenbaum et al., 1981). The multifold difference in the rate of K
release between the di- and trioctahedral mica has been attributed to the hydroxy!
(OH) orientation in the octahedral sheet (Basset, 1960). Biotite weathers not only at a
faster rate but also maintains higher K concentration in the equilibrium solution than

muscovite.

Some soils contain weatherable minerals particularly biotite (Akhtar et al., 1988). A
trioctahedral mica can maintain solution.K* upto 1.0 mmoie L (Rausell-Colon et al.,
1965) therefore, a soil containing biotite can replenish the soil solution K causing no
response to fertilizer K (Hons et al.,, 1976). The present study was conducted to
document nonexchangeable K in sand and silt fractions and to develop relationship
between mineralogical composition, particularly nature of mica and boiling nitric acid

extractable K in the soils.
MATERIALS AND METHODS

Description of the Soils

Six soil series representing a range of parent material and profile development were
included in the study (Table 1). The Satgra, Wazirabad, and Pacca soil series are
developed in subrecent alluvium and occur in semi-arid to subhumid climate. The
Peshawar soil is developed from calcareous red shaies, the Guliana is developed on
loess and the Balkassar is developed on sandstone. The Satgra, Wazirabad, and
Pacca soils are irrigated. The irrigation water brings in unweathered mineral matter.



The Satgra soil is deep, moderately calcareous, moderately well drained, light
brownish gray to dark brown with ochric epipedon. It has organic matter content upto
1.0% and pH ranging from 9.3 to 10.2 and occupies <1% slope. Satgra has natric B
horizon. The Wazirabad soil color varies from yellowish brown to dark brown. Soil pH
ranges from 7.0 to 7.7. The soil is non-calcareous with argillic B horizon. The Pacca
soil is deep, moderately well drained, strongly calcareous, light brownish gray to pale
brown. It has achric epipedon and cambic and calcic B horizon. Soil texture varies
from silty clay in the upper 80 cm to silt loam in the lower portion of the profile.

The Guliana is deep, non-calcareous, well drained silt loam. The soil color is yellowish
brown to dark brown. It has ochric epipedon and argillic horizon. The Balkassar soil
occupy <1% slope, is deep, brown to dark sandy loam. The Balkassar has ochric
epipedon and argillic B horizon with paralithic contact at 145 cm. The Peshawar soil
occupy <1% slope, is deep, and strongly calcareous. It is brown to light brown silty
clay loam with an ochric epipedon and argillic B horizon.

Soil sampling and fractionation

Bulk soil samples were taken from each genetic horizon, air dried, crushed with a
wooden roller, and passed through a 2 mm screen. A 20 g portion of each sample
was trealed to remove carbonate with 1 N NaOAc buffered to pH 5.0, organic matter
with 30% H,0,, and iron oxide with citrate-bicarbonate-dithionite (CBD) buffered at pH
7.3 (Jackson, 1979). Treated samples were dispersed in a pH 10 Na,CO, solution by
a 15 second sonification treatment with a macrotip. From the soil suspension, sand
(2-0.05 mm) was separated by wet sieving through a 0.051 mm nominal pore-size
screen and silt (50-2 pm) by five repeated 15 second sonification and centrifugation
washes. The remaining total clay (<2 ym) was further fractionated into coarse (2-0.2
um) and fine (<0.2 pym) clay fractions by similar five-repeated sonification-
centrifugation treatments. The sand and silt were oven dried at 105 °C. The coarse
and fine clays were made salt free by dialysis and were freeze dried.

Mineralogical and Chemical Analyses

For mineralogical analysis each sand and silt fraction was compressed into a wooden
holder for randomly oriented X-ray diffraction powder mounts. The sand was ground in
acetone before making the powder mounts. Each sample was X-radiated at a
scanning speed of 1° 20 per minute with monochromatic Cu K-a radiation.

For total chemical analysis, the sand and silt fractions were digested in HF and aqua
regia in pressure bombs and diluted to 100 mL with saturated boric acid solution, and
assayed by an atomic absorption. Potassium in the extract was assayed by a flame
photometer. Mica percentage in the fractions was calculated assuming 10% KO in
mica crystals and assuming that all the K released came from mica.
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Potassium Release Characteristics

Boiling nitric acid extractable K in the sand and silt was determined by boiling 1 g
sample in 25 mL 1N HNO, for 10 min. Also, ‘plant available K' in the soils was
determined by extraction in 1N, pH 7 ammonium acetate solution by shaking 5 g soil
in 50 mL solution for 30 min (Knudsen et al., 1982). Potasssium was determined by

flame photometer.
RESULTS
Soil Texture and Degree of Profile Development

Wazirabad and Balkassar are light textured as indicated by their abundant sand size
fraction. In the Wazirabad sand ranged from 69 to 72% and in Balkassar 24 to 61%.
Silt content in Wazirabad ranged from 16 to 22% and Balkassar 24 to 43%. The
Guliana, Satgra, Peshawar, and Pacca had high silt size fraction while sand varied
from only 1 to 8%. Silt in the Satgra soil varied from 42 to 60%, in the Guliana 61 to
68%, in the Peshawar 54 to 62%, and in Pacca 50 to 71%. Therefore, the Guliana,
Satgra, Peshawar and Pacca are silty to silt clay loam. The Wazirabad is sandy loam

and Balkassar is loam.

A lithologic discontinuity in the parent material may be recognized when change in
sand/silt ratio between the adjacent horizon exceeds 0.08 (Smeck and Wilding, 1980
and Cart et al., 1988). Parent material discontinuity as indicated by the variation in
sandsilt ratio can be recognized in Satgra after 127 cm, in Peshawar after 1 m, and in
Pacca after 43 cm. In the Wazirabad and Balkassar sand/silt ratio changed almost
with each horizon while in the Guliana sand/silt ratio remained consistent with profile

depth.

Sand and Silt Mineralogy

X-ray diffraction indicated that the sand fractions of the soils were composed of mainly
quartz and feldspar with some mica and chlorite (Fig. 1a). The XRD peaks were sharp
and symmetric suggesting high crystallinity. The sand fraction of the loess soil
contained progressively higher mica content in lower horizons than the upper horizons
while no depth trend was found in alluvial soils. The sand fraction of the Satgra,
Wazirabad, and Balkassar was mainly composed of quartz and feldspar.

Silt fraction was also composed of mainly quart, mica, and feldspar. Mica peak
intensity in the silt had higher than the corresponding sand (Fig. 1b). In the Satgra silt,
particularly, second order mica peak as intense as the first order suggested the
dioctahedral nature of the mineral (Moore and Reynold, 1989).

Based on total K analysis, the sand from the alluvial soils contained 5 to 18% mica in
the Satgra, 13 to 25% in the Wazirabad, and $$$$$% in Pacca. In the residual soils,
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Balkassar sand contained 18 to 22% mica and the Guliana sand contained 12 to 23%
mica. Silt from the alluvial soils contained 25 to 35% mica in the Satgra, 17 to 24% in
the Wazirabad, and $$$$$% in Pacca. Among tiie residual soils, Balkassar contained
11 to 24%, the Guliana 19 to 23%, and Peshawar contained 26 to 28% mica in silt

size fraction.

Microprobe analysis was carried out on sand and silt fraction of the upper three
horizons of the Guliana profile (Table 3). The sand fraction contained 3 to 6% and silt
contained 1 to 4% biotite. In both the fractions biotite decreased with profile depth.
Muscovite in sand varied from 7 to 10% and in silt 9 to 12% while K-feldspar varied
from 6 to 11% in sand and 11-t0-12% in silt.

In elemental analysis Nig and Fe(ll) indicated the trioctahiedral nature of the
phyliosilicates. In this case total iron was determined by atomic atsorption. The
Balkassar and Guliana sand had higher Fe(ll) + Mg content than the Satgra and
Waziranad and in both the soils these elements increased with profile depth. The silt
{raction of Satgra and Wazirabad had higher Fe(il) + Mg content than the silt fraction
of Balkassar, Guliana, and Peshawar profiles (Table 4).

Potassiurn Release in Boiling Nitric Acid

Among the alluvial soils the Pacca sand released the highest K in boiling HNO, acid.
Boiling nitric acid extractable K from 'sand ranged from 3070 to 6160 mg/kg in Pacca,
300 to 1360 in Satgra, and 300 to 780 r.g/kg in Wazirabad. An increasing trend was
observed in Wazirabad and Satgra soils. The silt fraction in the Satgra and Wazirabad
soils yielded 2 to 5 times higher K than the corresponding sand fraction while in the
Pacca soil silt yielded lesser K than the corresponding sand. Among the residual soils,
the highest K was released by Guliana followed by Peshawar and Balkassar sand.
Potassium released by Guliana sand -varied from 1020 to 2130 mg/kg, by Peshawar
sand 740 to 1460, and by Balkassar sand 130 to 250 mg/kg. Boiling nitric acid
extractable K from sand and silt was similar in residual soils. In the Guliana soil boiling
nitric acid extractable K varied from 1100 to 1960 mg/kg in the silt fraction. In the
Guliana, Balkassar, and Peshawar soils HNO, extractable K from sand and silt
increased toward the surface as well as to the lower depth.

Based on 24 sand and silt fractions taken from Kotly, Biha, Guliana, and Hafizabad
soils (data presented in companion papers), it was concluded that boiling nitric acid
extractable K was strongly correlated (p <0.01) with the biotite content. There was no
significant correlation between K feldspar content and HNO, extractable K. The
correlation between HNO, K and muscovite content was significant only in case of
alluvial soils (R? 0.49, p <0.04). Determining the correlation by adding biotite and
muscovite or biotite, muscovite, and feldspar did not improve the correlation
coefficient. Boiling nitric acid extractable K was positively correlated with total Al
content of the sand fraction (R? 0.46 p <0.01) where as there was significant relation
with total Mg + Fe. In the silt fraction ngne of the two corrélation was significant.
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DISCUSSION

The differences in texture may be correlated with soil parent material. The Satgra and
Pacca soil series are developed in subrecent clay alluvium of subrecent floodplain
while Peshawar soil is developed from calcareous shales and the Guliana is
developed on loess which had dominance of silt size particles. The Balkassar is
developed on sandstone, therefore, it had abundant sand fraction (Ahmad et al.,

1986).

In profile development studies consistency in sand/silt ratio with profile depth is a
measure of parent material uniformity. Parent material uniformity is prerequisite to
draw conclusions on mineral weathering in a soil profile. Sand/silt ratio in the
Balkassar and Wazirabad changed frequently with profile depth, suggesting continuous
lithologic break. The data suggested that for the major part the Satgra and Guliana are
developed in a uniform parent material as textural break occurred only at the depth of

127 and 170 cm, respectively.

Mineralogical composition of sand and silt fractions varied with source of parent
material and profile weathering stage. The sand fraction of the loess soil contained
higher mica content than the alluvial soils. The sand fraction of Satgra was mainly
composed of quartz and feldspar. Depletion of mica may have occurred even before

soil formation.

Silt fraction was also composed of mainly quart, mica, and feldspar. Mica peak
intensity in the silt was higher than the corresponding sand. In the Satgra silt,
particularly, second order mica peak was as intense as the first order suggested the
dioctahedral nature of the mineral (Moore and Reynold, 1989). ‘

Among the alluvial soils the Pacca sand released the highest K in boiling HNO, which
may be attributed to its early weathering stage. The silt fraction in the Satgra and
Wazirabad soils yielded 2 to 5 times higher K than the sand from the same horizon
while in the Pacca soil silt yielded lesser K than the sand. The difference rnay be
attributed to the source of parent material. Among the residual soils, the highest K was
released by Guliana followed by Peshawar and Balkassar sand. The difference
between boiling nitric acid extractable K from sand and silt was not very contrasting in
case of the residual soils. In the Guliana, Balkassar, and Peshawar soils HNO, K from
sand and silt increased toward the surface as well as to the lower depth.

Boiling nitric extractable K was strongly correlated with the biotite content of the soils.
Release of interlayer K from trioctahedral mica is 7.5 to 25 times than the dioctahedral
mica (Feigenbaum et al., 1981). It has been demonstrated that trioctahedral mica
(Biotite) can be completely broken down by H-saturated resin in about 10 days
releasing all of its K (Arnold, 1858). This might explain higher correlation between
biotite content and boiling nitric acid extractable K. There was no significant correlation
between K feldspar content and HNO, extractable K. Release of K from a tectosilicate
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is more difficult than from the interlayers of mica (Sparks and Huang, 1985). The rate
of K release from muscovite and biotite was found 2 and 120 to 190 times higher,
respectively, than from microcline (Huang et al., 1968). Determining the correlation by
adding biotite and muscovite or biotite, muscovite, and feldspar did not improve the

correlation coefficient.
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Table 1. Classification and location of tHe soils.

Location

Series Classification’
Satgra Typic Natrargid
Guliana Udic Haplustalf
Wazirabad Udic Haplustalf
Balkassar Udic Haplustalf
Peshawar Udic Ustochrept
Pacca Ustollic Camborthid

Lahcre, Punjab
Rawalpindi, Punjab
Wazirabad, Punjab
Chakwal, Punjab
Peshawar, NWFP
Hyderabad, Sindh

*US Soil classification (Soil Survey Staff, 1987).
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Table 2. Particle size distribution in the Alfisols and Aridisols.

HORZN Depth Sand Silt Cclay Fclay SN/SL CC/FC
(em)  ee-eseecccoo-cn () -----mmmmememo
Satgra, Typic Natrargid
Ap 0-18 7.0 60.9 15.2 13.1 0.11 1.16
Bt 18-38 3.3 47.5 28.6 13.7 0.07 2.09
Btkn 38-82 3.1 61.2 15.9 8.0 0.05 1.99
Btkn 82-110 3.0 54.7 20.2 11.2 0.06 1.81
Btkn3l 110-127 5.6 50.3 13.5 14.6 0.11 0.93
Bck2 127-150 28.3 42.4 14.2 8.3 0.67 1.71
wazirabad, Udic Halpustalf
Ap 0-15 63.2 16.9 6.5 5.2 3.74 1.26
Bt ' 15-33 69.1 16.1 7.4 7.4 4.30 0.99
Bt2 33-63 63.9 17.17 7.6 7.4 3.61 1.03
BC 63-91 58.9 22.1 7.9 6.9 2.67 1.14
c 91-120 66.3 17.8 6.6 6.3 3.71 1.05
Ck1l 120-146 66.5 21.3 5.8 6.2 3.13 0.93
Cck2 146-173 67.4 21.3 3.9 4.1 3.17 0.95
c 173-195 71.9 17.8 2.6 2.9 4.05 0.89
Pacca, Ustollic Camborthid
Ap 0-10 9.4 55.4 12.3 7.0 0.17 1.76
Bwl 10-23 15.4 - 54.7 10.3 8.6 0.28 1.20
Bw2 23-43 10.9 61.4 10.2 6.4 0.18 1.60
2BA 43-63 6.9 71.1 5.5 3.4 0.10 .59
2B1 63-80 3.1 52.0 16.7 10.8 0.06 1.50
2Bwl ' 80-95 1.0 51.4 20.3 18.5 0.02 1.10
2Bt1l 95-111 2.2 49.0 18.5 16.6 0.04 1.12
2Bt2 111-120 2.6 50.4 16.2 16.9 0.05 0.96
2Bt3 120-170 2.5 58.4 10.2 8.0 0.04 1.27
2BC4 170+ 17 .4 62.5 8.€ 6.2 0.28 1.38
Balkassar, Udic Haplustalf
Ap 0-11 61.3 24.5 5.2 6.9 2.50 0.75
Btl 11-37 41.7 33.2 9.2 12.2 1.26 0.75
Btk 37-70 26.6 39.2 14.1 16.2 0.68 0.87
BCtk 70-100 23.7 40.1 14.1 13.7 0.59 1.02
cl 200-120 29.2 3g.1 8.5 6.4 0.77 1,33
c2 120-143 31.7 39.7 7.1 7.7 0.80 0.92
Cr 143-170 30.9 42.9 7.0 5.7 0.72 1.22
Guliana, Udic Haplustalf
Ap 0-12 8.3 67.8 8.4 11.2 0.1.2 0.75
BAtc 12-25 6.0 68.2 10.3 12.7 0.09 0.82
Btcl 25-56 4.4 66.7 9.5 13.5 0.07 0.70
Btc2 56-83 2.6 61.2 11.1 17.0 0.06 0.65
Bctc 83-117 4.0 62.7 14.5 16.8 0.06 0.86
Bctk 117-140 6.1 66.5 10.6 14.0 0.09 0.75
Bck 140-190 5.6 61.8 16.4 7.8 0.09 2.11
Peshawar, Udic Ustochrept
Ap 0-11 2.0 62.3 12.2 7.9 0.03 1.55
Btl 11-43 2.2 52.5 11.6 16.8 0.04 0.69
Bt2 43-66 3.5 58.1 12.4 10.7 0.06 1.16
2Btbl 66-98 4.5 54.1 i1.3 11.2 0.08 1.01
2Btb2 98-138 6.9 54.3 11.6 11.7 0.13 0.99
2Bk2 138-180 1.2 55.4 12.1 12.5 0.02 0.97

Legend: HORZN, soil horizon;

Sand,

um) ;: Cclay, coarse clay (2 to 0.2 um): Fclay,

10

sand (2 to 0.05 mm);

silt (50 to 2
fine clay (<0.2 um); SN/SL, sand

silt ratio; and CC/FC, coarse clay fine clay ratio.
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Table 3. Distribution of different mineral phases in the Guliana profile as
determined by SEM microprobe analysis.

Horzn Depth Qurt Chlr Bott Musc Kfld Ccafl Nafl Intd Tcnt
{em) c-c-e-ccssesetocscoscoocs (%) --------=-erememmo T number

sand (2 to 0.05 mm)

Ap 0-12 65.7 1.0 5.9 6.9 10.8 1.0 0.0 0.0 102.0
BAtcC 12-25 61.6 2.7 2.7 9.8 B.0 5.4 3.6 0.0 112.0
Btcl 25-56 65.5 1.8 3.6 7.3 5.5 7.3 5.5 0.0 110.0
silt (50 to 2 um)

Ap 0-12 51.8 2.7 3.6 11.6 11.6 4.5 11.6 0.0 112.0
BAtcC 12-25 51.8 2.7 3.6 11.6 11.6 4.5 11.6 0.0 112.0
Btcl 25-56 50.4 8.0 0.9 8.8 10.6 2.7 11.5 0.0 113.0

Legend: HNO3-K, K extracted in 1N boiling HNO3 acid; Qurt, gquartz; Chlr, chlorite;
Bott, biotite; Musc, muscovite; Kf1d, K feldspar; Cafl, Ca feldspar; Nafl, Na
feldspar; Intd, mostly Ca-Na intermediatory feldspar with some unrecognizable
minerals; Tcnt, total number of grains counted.
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Table 4. Total chemical analysis’ and boiling HNO, extractable K' in
the sand and silt fractions.

Horzn Depth (Total Al Total Fe+Mg Hot HNO3-K Total K
Sand Silt Sand Silt sand Silt Sand Silt
(cm) --ec--cees--- (%) ----- =----- mg/kg---- ----%-----
Satgra, Typic Natrargid
Ap 0-18 4.8 8.2 2.2 3.0 300 2111 1.5 2.1
Bt 18-38 2.8 10.1 2.8 4.3 773 1811 0.8 2.9
BtKn 38-82 4.0 9.0 1.6 4.1 1127 1799 1.0 2.6
Btkn2 82-110 3.4 9.7 2.4 4.8 710 1773 0.4 3.3
BtKn3 110-127 2.6 8.9 3.0 3.8 1358 1639 0.4 2.5
Wazirabad, Udic Halpustalf
Ap 0-15 4.9 5.0 1.6 3.1 295 1538 1.1 2.0
Bt 15-33 6.8 14.4 2.3 6.5 365 1448 1.2 1.6
Bt2 33-63 6.5 14.1 2.1 6.6 400 992 1.4 1.9
BC 63-91 5.9 11.6 2.1 5.6 544 11589 2.1 1.4
Cc 91-120 7.7 14.5 2.8 6.6 457 1758 1.4 1.4
Ck1l 120-146 6.0 15.0 2.9 6.9 778 1585 1.4 1.6
Pacca, Ustollic Camborthid
Ap 0-10 3476 1516
Bwl 10-23 3154 1476
Bw2 23-43 ' 3774 1599
BC 43-63 5333 1236
2B1 63-80 3284 2018
2Bwl 80-95 6158 2236
2Bt1 95-111 3632 2017
2Bt2 111-120 3071 2112
Balkassar, Udic Haplustalf
Ap 0-11 43.1 6.2 2.2 2.7 224 275 1.5 2.0
Btl 11-37 44.2 7.0 3.8 3.2 148 257 1.6 1.8
Btk 37-70 47.4 6.7 3.9° 4.0 110 269 1.4 1.9
BCtk 70-100 50.6 6.3 4.1 3.5 255 208 1.8 1.8
C1l 100-120 48.2 4.4 3.8 3.2 180 250 1.3 1.1
Cc2 120-143 40.4 5.2 4.2 3.2 131 210 1.3 1.3
Gulina, Udic Haplustalf
Ap 0-12 5.9 12.7 2.9 1360 1960 1.1 1.9
BAtc 12-25 5.5 12.6 2.8 1240 . 1740 1.0 1.8
Btcl 25-56 6.0 11.7 2.3 2.5 1022 1380 1.0 1.7
Btc2 56-83 6.3 12.3 3.2 2.9 1217 1140 1.4 1.6
BCtc 83-117 10.1 12.3 4.1 3.1 2133 1360 0.0 1.7
BCtk 117-140 7.0 13.4 3.8 3.3 2040 1100 1.9 1.6
Peshawar, Udic Ustochrept
Ap 0-11 8.1 3.8 1464 647 2.2
Btl 11-43 6.9 3.6 757 218 2.3
Bt2 43-66 7.6 3.9 794 263 2.3
2Btbl 66-98 7.3 3.8 691 324 2.4
2Btb2 98-138 6.9 3.2 741 171 2.2
2Bk2 138-180 8.3 3.9 1149 269 2.4

*, Total chemical analysis by digestion in aqua regia and HF in
pressure vessel (Jackson, 1979) and #, Boiling nitric acid (Knudsen et
al., 1982).
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Figure

Fig. 1. X-ray diffraction pattern of the Guliana profile: (a) sand (2 to 0.05 mm) and
(b) silt (50 to 2 pm). M, mica; Q, quartz; M,Q, mica and quartz; Fld, feldspar.
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USING GEOSTATISTICS IN SOIL FERTILITY RESEARCH
ON A FIELD SCALE

ABSTRACT

Researchers traditionally conduct fertilizer experiments
on small, replicated areas at university or governmental
research centers. This approach has two problems: (1)
extrapolation of the results to large cropped fields requires
taking into account the impacts of spatial variability of soil
 properties on the optimum amount and type of fertilizer to
apply; and (2) farmers have limited access to the research
work, particularly in developing countries, which limits the
information transfer needed for farmers to adopt the
recommended fertilizer techniques. With these problems in
mind, field and laboratory investigations were conducted on a
farmer's field to study the spatial patterns of some soil
properties and wheat yield |using geostatistics for
determination of fertilizer rates. The field was divided into
four parallel transects, and soil samples were collected at 15
m intervals along each transect. These soil samples were
analysed.for different physical and chenmical properties. A
uniformity trial was conducted on wh.at in the field.
Classical statistical and geostatistical techniques were uscd
to describe the variability in measured soil properties and
wheat yield. Most of the soil properties and wheat yield had
a very high coefficient of variation. Variability in soil
properties and wheat yield was best described by a linear
model. The potential wheat yield was estimated using the
relationship between wheat yield and lime content, and was
used in determining N fertilizer rates for different areas.
The effects of soil variability on crop growth and
profitability of fertilizer use were also demonstrated to the
farmers.



INTRODUCTION

Spatial va;iability of soil properties affects the use
effghiency of 'fertilizers applied at a uniform rate based on
the average soil test level of nutrients. Traditional
application of a uniform rate of fertilizer on spatially
variable soils causes some areas to be overfertilized, while
others are underfertilized. Consequently, fertilizer use
efficiency is reduced and a problem with underground water
pollution may arise because of the downward movement of unused
fertilizer in the overfertilized area.

Researchers on government férms often establish
replicated research trials on a small scale and extrapolate
their results to larger areas. However; large areas may have
much spatial variability in soil properties. Thus the results
of small scale trials are often not relevent to large fields.
Moreover, in replicated field trials, the true treatment
effects are sometimes masked by trends in soil fertility
(Bhatti et al., 1991), and fertilizer recommendations thus
cannot be formulated accurately and economically.

Geostatistical analysis of within-field variations in
soil properties or crop yield potential has been used to
identify cause-and-effect relationships between a measured
property and its environment (Trangmar et al., 1987; Miller et
al., 1988; Tabor et al., 1984; Vieira et al., 1983; Perrier

and Wilding, 1986; frangmar et al., 1986; Mulla, 1988; Hamlett
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et al., 1986; Bhatti et al., 1991). Geostatistical approaches
involve analysis and modeling of spatial patterns using
semivariograms.

Mulla et al. (1992) used spafia} patterns of soil
fertility to determine fertilizer rates for different
landscape positions across an eroded landscape of the Palouse
region of eastern Washington. The variable fertilizer rates
were compared with a uniform fertilizer rate and no
significant difference was found. Bhatti and Mulla (1992)
compared various criteria for dividing a field into different
management zones and determining fertilizer rates for each
zone. Bhatti and Bukhsh (1993) used these techniques to
determine gypsum requirements for reclamation of salt-affected
soils.

Understanding the nature and magnitude of spatial
variability of so0il properties is necessary for increasing the
efficiency of applied fertilizers. Spatial patterns of soil
properties and crop yield can be used to determine the
fertilizer rates for different landscape positions on steep
eroded lands (Mulla et al., 1992).

Because of increased fertilizer prices, optimization 6f
fertilizer use is needed in the dryland farming areas of the
northern part of the North West Frontier Province (NWFP),

Pakistan. To achieve this objective, better and modern
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techniques are required for assessing and identifying large-
scale patterns in soil fertility and crop productivity.

The primary objectives of this research were (1) to use
geostatistical techniques to measure quantitatively and assess
the nature and extent of spatial wvariability in soil
properties and wheat yields, (2) to divide the landscape into
different fertility management zones and determine optimum
fertilizer rates for these zones, and (3) to demonstrate the
utility of fertilizer usage and variability in crop growth in

a uniformity trial.

MATERTALS AND METHODS

Field and laboratory studies involving extensive soil

sampling, soil analysis, and measurement of wheat yield using
a uniformity trial were conducted on a farmer's field at Thana
Swat. The land is situated on a slope (2.32 to 3.57%
sﬁeepness) irc. dryland areas of the .northern part qf NWFP
Pakistan. The land has a past history of variable soil

erosion.

Site Description
The landscape at the study site (Figure 1) is
characterized by steep land, and its slope faces toward a
stream. The slope of the field is oriented along the long side

of the field from east to west. The relative elevation of the
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sampling locations ranged fram 3.14 to 12.82 m, with a

coefficient of variation of about 25% (Table 1).

Soil Sampling

The study site was sampled at the end of September 1992,
The whole field was divided into four parallel transacts. Two
of the transects were 36 m wide, and the other two were 24 m
wide, each transect was 200 m long. Each transect was sampl ed
at intervals of 15 m to a depth of 30 cm. Samples were also
taken to a depth of 0-90 cm in increments of 30 cm at 30 m
spacings. The surface 0-30 cm samples were taken as a
composite of five hand auger samples within a 30 em radius.
The surface 0-30 cm samples were analyzed for soil pH, lime
content, organic matter, AB-DTPA extractable P and K, total
mineral N (Page et al., 1982), and soil texture (Klute, 1984).
Available water content was determined for each 30 cm
increment to calculate the amount of available water in the 90

cm soil profile.

Uniformity Trial
Wheat (cv. Pirsabak-85) was planted in the third week of
October 1992 on the whole field. A uniform rate of fertilizer-~
- i.e. 120 kg N, 90 kg P,0; and 60 kg K,0 per ha-- was applied
to the whole crop. All of the P and K was applied at sowing,

while half of the N was applied at sowing and half in the



! area along

month of January. Wheat was harvested from a 1 m
each transect at spacings of 15 m. Wheat grain yields were

measured from the harvested area.

Statistical Procedures

The data collected on measured soil properties and wheat
yields were subjected to classical statistical analysis to
complete summary statistics and regression equations (Steel
and Torrie, 1980). Three-dimensional plots of each measured
property were made as a function of position along the
transects to observe spatial patterns in relation to landscape
position. In most cases, the observed spatial patterns were
not random, and exhibited clear relationships to slope

position and landscape features.

Geostatistical Procedures
Semivariograms (Bhatti et al, 1991) were developed to
determine the structure and magnitude of spatial patterns in
various measured soil properties and wheat yiéld.
Semivariance, ¥(h), as a function of separation distance (lag,

h) was computed using the expression:

¥(h) = ------ 2 [z(x) - 2(xy) ) Ea. [1]



where n(h) is the number of samples separated by a distance h,
and Z represents the measured value for a soil or crop

property.

The values of semivariance computed in Eq. [1] were
interpreted by fitting models to the data using nonlinear
least-square methods (Mulla, 1988). The model that gave the
best fit to the data in this study was a linear model given
by:

¥(h) = ¢, + mh . Eq [2]
tthere C, is a parameter known as the nugget, and m is simply
the slope of the line for a plot of semivariance (X) versus
separation distance (h). Theoretically, XYO) = 0. However,
many soil properties have ncnzero semivariance as h tends to
zero. This nonzero variance is called the nugget variance or
nugget effect (Journel and Huijbregts, 1978). It represents
inexplained or random variance often caused by measurement
arrors or variability in the measured property that was not
detected at the scale of the sampling. With the linear model,
spatial correlation of a property exists if the slope is

positive.



RESULTS AND DISCUSSION

Variability In Soil Properties And
Wheat Yields In Uniformity Trail

Most of the soil properties had a very high coefficient
of variation. Clay content had the highest coefficient of
variation (about 56%), followed by lime content (about 47%).
Next was grain yield, with a coefficient of variation of about
38%. All of the soil samples collected were low in organic
matter and deficient in so0il phosphorus. Most were also
deficient in potassium. This high variability in soil
properties and wheat yield was a function of position on the
landscape and was not random. Silt content and clay content
were higher at upper slope positions, while sand content was
higher at lower slope positions (Figures 2-4). Similarly,
organic matter was lower at top slope positions as compared
with bottom slope positions (Figure 5). These variations in
soil properties and wheat yield are the result of historical
variable rates of soil erosion and subsequent loss or movement
of top soil.

Geostatistical techniques involving semivariogram
analysis were used to identify and describe the spatial
patterns in soil properties and wheat yield. Semivariograms
were developed for each property, and parameters for the best-
fitting linear model s were estimated (Table 2).

Omnidirectional semivariograms with linear models were similar
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to the unidirectional semivariograms for the spatially
variable soil properties and wheat yield. This indicates that
the spatially correlated behavior of various soil properties
and wheat yield was in the east-west direction and was
controlled by the slope of the land. Moreover, the variability
of these measured soil properties and wheat yield is unbounded
because the models have no sill.

Identification and description of the spatial patterns of
soil properties and wheat yield can help in the fertility
management of this land and in i the determination of

fertilizer rates for different locations in the field.

Determination Of Fertilizer Rates

As the field was deficient in soil phosphorus and
potassium, the desired rates of these nutrients were
determined according to the recommendations of the Agriculture
Department of NWFP. These rates were 90 kg P,0¢/ha and 60 kg
K,0/ha for the study area.

Various criteria were used to divide the field into
different fertility management =zones with significantly
different soil properties. When the various criteria were
compared, lime content proved better than the others. Lime
content was then used to divide the field into different units
with significant differences in vield, lime content, soil pH,
silt content, and sand content. Lime content was negatively

correlated with grain yield, although the value of the

10
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coefficient oy correlation was small (r = -0.21). Moreover,
lime content was higher at the upper slope positions as
compared with the lower slope positions.

Using the relationship between grain yield and lime
content, a regression model was developed to predict potential
yields at éifferent locations. This model is given hy the
following equation:

Grain yield (kg/ha) = 4118-120 (lime content-%) Eq. [3]
This equation was used to calculate potential wheat vields at
different sampling locations.

A three-dimensional plot of pntential yield as a function
of landscape position also showed spatial patterns (Figure 6).
The semivariogram for potential yield was best described using
a linear model (Table 2), which confirmed the existence of
spatial variations in potential vield. Spatial patterns in
potential yield were used to divide the field into zones with
low (<3400 kg/ha), medium (3400-3600 kg/ha), and high
productivity (> 3600 kg/ha).

Three different management units were identified based on
the potential wheat yields. The potential wheat yield of each
zone was used to determine the N fertilizer requirement for
that zone using the following expression:

N fertilizer (kg/ha)= [(Potential yield x % N in grain) -
total mineral soil N (kg/ha)]/0.5 Eq. [4]
where the factor of 0.5 is the fertilizer use efficiency for

wheat (Tomer and Soper, 1981; Shah et al., 1993).
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Using this expression, three rates of fertilizer N were
determined as shown in Table 3. The proportion of the area for
each particular rate was calculated (Table 3). The results
showed that nearly 20% of the field had poor productivity, and
over 50% required less than the typical rate of fertilizer N.

Use of this approach for fertility management has the
advantage that the crop production potential of the land is
considered. This approach avoids the overapplication or
underapplication of fertilizer, saving resources and reducing

pollution hazards.

Variability Tn Crop Productivity And
Profitability Of Fertilizer Use

Despite the uniform rate of fertilizer application to the
wheat crop, crop growth in the field was uneven; it was pcor
at the upper slope positions and gnod at the other locations.
The poor growth at the upper positions was due to highér clay
content and a compact surface, which hampered root growth and
crop germination. Moreover, higher lime content at these
locations may have affected the availability of plant
nutrients, especially phosphorus. Lower grain yields were also
recorded at the upper slope positions. These effects were
shown to the farmers and explained.

The economics of fertilizer use were also calculated. The
total cost of fertilizer application to 1 ha was Rs.2222. The

total price of wheat (3542 kg/ha @ Rs.4.00/kg) is Rs.14168/ha.
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The net profit is Rs.11948/ha, with a cost: benefit ratio of
5.38. Calculating the economics of fertilizer use for the
three management zones based on the results of the uniformity
trial, it was found that the net profit for the zones 1, 2 and
3 was Rs.9632, 11748 and 12488/ha, respectively, with a cost:
benefit ratio of 4.33, 5.28, and 5.62, respectively. It is
obvious that the profitability of the use of fertilizer
depends upon the crop yield potential of soil within the same

field.

CONCLUSTON
One advantage of this study was the demonstration of
improved fertilizers management techniques to the farmers.
Another was the evaluation of new techniques for fertilizer
rate determination in spatially variable soils using

geostatistical techniques.
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Table 1. Descriptive statistics of soil properties and wheat

vield.

_SOIL PROPERTY

MEAN

_MINIMUM _ MAXIMUM

Organic matter (%) 0.32
Lime content (%) 5.34
Soil pH 7.29
AB-DTPA ext.P (mg ke'l)  2.68
AB-DTPA ext.K (mg kz'l)  47.69
AB-DTPA ext.Zn(mg ke!)  0.51
Relative elevation (m) 8.55
Clay content (%) 2.05
Silt content (%) 25.82
Sand content (%) 72.13
Grain vield (kg ha’l) 3542
Profile available 14.19

water (cm)

0.12
3.05
6.60
1.35
32.00
0.28
3.14
0.40
14.20
50.76
1000
9.60

0.66
14.25
7.90
3.90
86.00
0.83
12.82
3.95
47.14
83.60
6500
17.82

LVix)

34.66
46.98

4.88
23.78
24,39
24.55
25.29
55.79
34.12
12.43
37.94
14.60
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Table 2. Summary of parameters for semivariogram models’.

Oqgidirectional

Property .
Nigget _ Slome  r*  Mugget  Slope

Organic matter (%) 0.0082 0.00004 0.64 0.0078 0.00005

Lime content (%) 1.2637 0.0519 0.96 0.9431 0.0668

Soil pH 0.0892 3.0005 0.71 0.1019 0.0005

AB-DTPA ext.K(mg kgq) 63.35 0.7151 0.71 65.63 0.8922

Clay content (%) 0.5969 0.0115 0.86 0.7393 0.0119

Silt content (%) 16.257 0.6317 0.94 14,697 0.8701

Sand content (%) 23.017 0.5717 0.94 21.186 0.8018
[Grain yield (kg ha'l) 1502900 2987 .47 1510400 076

Linear model
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Table 3: Management zones and fertilizer rates.

Management Fertilizer Rate Area Proportion
Unit N kg/ha

1 80 0.18

2 110 0.39

3 125 0.43

19
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RESPONSE OF WHEAT AND CHICKPEA TO ORGANIC AND
INORGANIC MANURES IN RAINFED AGRICULTURE.

M.Hatam, M. Aslam, M. Jamal, M. Sadiq and A.Karim
NWFP. Agricultural University, Peshawar, Pakistan.

ABSTRACT
Wheat (Triticum aestivum L.) and chickpea (Cicer
arietinum L.) are the two winter season crops of major economic

importance in the rainfed areas of Pakistan. Information on
specific management practices to optimize crop production in the
rainfed areas is limited. The objective of this study was to
determine response of wheat and chickpea to 1) Farm Yard Manure
(FYM) and 2) rate and method of NP application in rainfed
agriculture. Three field trials with wheat and chickpea each were
conducted at three sites: 1) Langer Khel 2) Titer Khel (Bannu) and
3) Agric. Univ., Farm (Peshawar) during the 1992-93 winter season.
In one trial Farm Yard Manure (FYM) was applied at the rate of zero
or 10 t/ha to wheat as well as chickpea. In the other two trials,
main plots were methods of N and P application (Band or Broadcast)
and subplots were three levels each of N (0, 23, 46% and % (0,
23, 46) kg/ha in a complete factorial arrangement (3°) with three
replications at each site. Test cultivars for wheat and chickpea
were 'Pirsabak-85' and 'CM72’, respectively.

This study revealed that application of 10 t TFYM/ha
depressed, wheat grain yield (29%), biological yield (20%)
tillers/m2 (10%) as a result of limited moisture availability at
two locetions out of three. In chickpea under similar conditions
significant increase was noticed in grain yield (25%) and pods per
plant (31%) at the same two locations. The number of nodules per
plant increased by 84% with 10 t FYM/ha at location 1 and 2.
Substantial increase was observed also in dry matter accumulation.

Method of fertilizer application had no significant
effect on the wheat traits studied. Wheat grain yields were
significantly increased by N and P application at the first two
sites. Maximum wheat grain yield (764 kg/ha) was obtained with
46kg/ha N+23kg/ha P,0; and the lowest (285 kg/ha) from the control
treatment when combined over these two sites. Highest grain yield
(2444 kg/ha), was obtained with 46 kg/ha N + 46 kg/ha anh not
significantly different from other treatments at Peshawar. Wheat
grain yield increased as N rate increased whereas, at Peshawar
grain yield tended to decrease. P application affected grain yield
at the three sites similarly. The differences in yield due to P
were not as great as those due to N. Wheat yield components and
biological yields were also affected in similar pattern as grain
yield by N and P rates. In the chickpea trial, grain yield was
higher with broadcast application, (145¢ kg/ha) than band
application (1044 kg/ha). Maximum grain yield of 1443 kg/ha was
ohtained with 46kg/ha N+46kg/ha PD; as compared to 422 kg/ha for
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the control at Langer Khel. Similar response was also observed at
Titer Khel. Seed weight and number of pods/plant were also
increased by N and P application. However, grains/pod were not
affected. This study on wheat and chickpea indicated that
application of N and P can enhance crop yields in the marginal
rainfed areas of Pakistan. Further study is needed to determine the
residual effects of FYM and economic levels of N and P fertilizer
for sustainable crop yields.

INTRODUCTION

In Pakistan out of the total cultivated area (20.4
million hectares) about 5.8 million hectares come under rainfed
conditions where spring type bread wheat (Triticum aestivum L.) and
chickpea (Cicer arietinum L.) are the two most important winter
season cultivated crops. The average grain yield of wheat and
chickpea are 834 %g/ha and 505 kg/ha respectively, which are very
low compared to the average yields obtained throughout the world.
Shortage of moisture is one of the major constraints in crop yield.
Besides this the soil fertility has been depleted because of
continuous wheat and chickpea cultivation without Judicious
management and application of inputs. The unavailability and ever
increasing prices of the fertilizers has made the situation more
difficult for the small farmers to meet their requirements. Inspite
of the fact that during the last twenty years the use of nitrogen,
phosphorus and potassium containing inorganic fertilizers in the
country has increased by six, thirteen and nineteen times, yet its
application to the non-irrigated crops is limited because of high
costs of fertilizers and the greater risk involved due to
insufficient and uncertain rainfall during the growing season. In
the past most of the research efforts have been directed towards
irrigated areas and very little efforts have been made to improve
the management practices of rainfed farming system. Low cost
domestic organic manures alone are limited to meet the NPK
requirements of crops for higher yields. Inorder to enhance crop
productivity and soil fertility, throvgh the application of organic
and inorganic manures, the following two trials were conducted. 1)
Influence of Farm Yard Manure application on rainfed wheat and
chickpea and 2) Response of wheat and chickpea to method and rate
of NP fertilizer under rainfed conditions.

REIVEW OF LITERATURE

Hu et al (1988) increased the water use efficiency of
wheat by 9-24% with 37.5-150t organic manure/ha. However Bocz
(1985) suggested that to utilize the available water supply and
double the yield of cereals, upto 20 times more mineral fertilizer
than the equivalent amount of manure could be applied per hectare.
Crop residue increased the availability of native and added P in
soil (Murthy et al 1985) and the adverse effect of stubble
retention on crop yield was reduced with suitable rates of N
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fertilizer application (White et al, 1988). Application of FYM at
the rate equivalent to 10 kg N/ha was more effective than
inoculation in increasing NPK uptake (Raju et al 1991). Several
vworkers (Annandale, 1984, Singh and De, 1987 Bizhaev, 1988) have
reported increases in grain yield of wheat with application of FYM
+NPK. Kormilitsyn (1987) believed that in such combination the
effect of NP depended on the residual effect of FYM. Farm Yard
Manure in combination with NPK increased cereal yields in long and
short term rotations (Siegert and Rauhe, 1987, Giardini et al,
1987, Gruev et al 1989). In chickpea the highest increase in vield
and P uptake was noticed with residual effects of FYM (Sharma and
Sinha, 1989).

Dang et al. (1987) reported that application of 30kg
P.0 /ha to wheat increased grain yields from 2.21 to 3.18 t/ha. But
dld not get further increase in grain yields with 60 kg Pf%. They
also reported that the yields with P drilled at sowing were higher
than when P was broadcast applied at sowing or top dressed at the
Ist irrigation. Alley (1986) observed that sub surface banding,
surface stripping and in-row placement methods were not superior to
broadcast treatments of P and K. He reported that fertilization of
wheat was based on so0il testing for P and K and in dryland areas,
residual soil N. Tomar et al. (1983) demonstrated that N
applicaltion alone and incombination with P increased wheat vield
under rainfed conditions. But P alone had little effect on wheat
vield. They reported highest net profit from a balance application
of 60 kg N 40kg P205 30 kg Kzo and 25 kg Zn S04. Chaudhry and
Sherif, (1982) found the highest wheat 2drain and straw yields of
1.62 and 4.30 t/ha, respectively from a combined application of 40
kg N and 60 kg %C%/ha. High rate of NP application increased plant
height and number of ears/plant. Monem et al (1990) tested 0, 30,
60 or 90 kg N or p/ha and found that application of 30 or 40 N
kg/ha increased wheat grain yield on plots with previous crop of
wheat, barley, maize or fallow. While there was no response to N
application where previous crop was chickpea. P application did not
influence grain yields.

Reddy and Bhardwaj (1984) studied the effects of 0,40,80
and 20 kg N and 0,25 and 50 kg %(%/ha on the growth and grain yield
of wheat under limited and adequate irrigation and found that upto
18 kg/ha N increased yields and yield components except grain
weight. P application also increased yield and yield components.
Ryan et al (1989) applied 0, 40 80 or or 120 kg N/ha with a basal
dose of 18 kg P/ha and recommended 40 kg N/ha for shallow soil of
semiarid Morocco. They also added that irrespective of soil type or
depts, a well managed legume may could sufficient N to the
following cereal crop to make N fertilization unnecessary. Spratt
and Chowdhry (1978) reported that 40 kg N/ha is the most economical
rate in the presence of sufficinet soil P level. Although the
response was not as dramatic as for N. Collins and Cresswell (1986)
reported that increasing levels of N application from 0-80 kg N/ha
did not increase yield of winter wheat under dryland conditions.
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Vig and Singh (1983) reported that P application of upto 39 kg/ha
significantly increased wheat yields and that drilled application
was superior to broad cost method. They reported that P uptake was
a linear function of water supply and P uptake beyond a p dressing
of 20 kg/ha was limited by soijl moisture. Dumbre and Deshmukh
(1983) studied management of chickpea under various practices and
observed that application of 25 kg N plus 75 kg P(%/ha had not a
significant effect on grain yield. Parihar and Tripathi (1989)
studied three P-rate of 25, 50 or 75 kg P205/ha at 3 irrigation
levels and found that total drymatter and grain yield increased
with increased p rate, but decreased Wwith increased irrigation due
to exessive vegetative growth at the expense of pod formation.

MATERIALS AND METHODS

and chickpea, separate trials were conducted at three locations
during the year 1992-93, Two in the main wheat and chickpea growing
rainfed area in District Bannu at 1) Langar Khel and 2) Titar Khel
and one at the NWFP Agricultural University, Peshawar. Location 1
and 2 are 25km apart and about 250km away from location 3. At
location 3 the soil was a clay loam of Peshawar soil series, sub
group Typic Ustochrepts according to USDA soil texonomy with .035%
N, 3.7 ppm 1305, 141ppm KZO’ 0.73% organic matter and pH 8.2. At
the other two locations the sojl was a sandy loam of Ghazni Khel
series belonging to Typic Torri Psamments according to USDA soil
texonomy with 0.032% N, 5.5 ppm Pf%, 0.60% organic matter and pH
7.2. For determining, soil nitrogen, phosphorus and potassium, the
analysis procedure of Bremer and Mulvancy (1982) Olsen and Sommers
(1982) and Knudsen, et al (1982) respectively were adopted. The
total annual rainfall at location 3 and locations 1 and 2 was 383mm
and 389mm respectively. Out of the total, 66% and 43% of the
rainfall occurred during the growing season at locatifn 3 andol and
2 respectively. yaximum temperature ranged from 15C to 32 C at
location 3 and 17 C to 34°C during the growing season at the other
two locations.

The previous crops at the experimental sites were soybean
and wheat at location 3 and locations 1 and 2 respectively. Treated
(Vitavax @ 2g/kg of seed) seeds of wheat cultivar Pirsabak-85 and
chickpea cultivar CM-72 were planted at the rate of 100 kg and 80
kg per hectare in 30 cm apart rows respectively. At location 3 and
1 and 2 Planting was done with hand and camel driven planter
respectively, At Peshawar the attack of hairy caterpillar on
chickpea from the nearby soybean fields, was successfully
controlled with the application of Follidol (monothio Phosphate) at
the rate of 500 ml/ha. During the dry season up to the end of
February, sporadijc attack of white ants on wheat was observed at
all the locations, Weeds were controlled manually when and where
required.
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In one trial Farm Yard Manure at the rate of zero and 10
tons per hectare (dry weight basis) was applied uniformly before
ploughing. Farm Yard Manure was thoroughly incorporated in to the
soil by ploughing crosswise with a cultivator with tines. The Farm
Yard Manure used at Peshawar was fresh containing, 0.531% N, 526ppm
Pf%, 300ppm KO while well rotten FYM with a composition of 0.086%N
was used at Jocation 1 and 2, in 10 x 20m plots replicated six
times in Randomized Complete Block Design. Chickpea was planted on
October 14, 9, and 4, 1992 and wheat on November Ist, 9, and 11,
1992 at location 1, 2 and 3 respectively. Number of nodules per
plant was determined by carefully uprooting ten chickpea plants
with a shovel. The soil was removed from the roots and the number
of nodules on the roots and those detached with the soil were
counted. Data was collected on several plant characteristics during
the growth period and after harvest. Chickpea was harvested on
April 23, 24 and 30 1992 and wheat on April 26, 27 and 29,1992 at
Langar Khel, Titar Khel and Peshawar respectively. Threshing and
cleaning was done manually.

In the other trial, three rates each of N (0, 23, 46) and
I%q, (0, 23, 16) kg/ha in a ractorial arrangement (3“) in the form
of 'urea (46% N) and triple superphosphate (46% Pf%) were used,
respectively. A randomized complete block design was used with
three replications at each site. Main plots were alloted to method
of application (Band and Broadcast) and subplots were assigned to
9 rates of NP. Wheat and chickpea was planted in November and
October 19922 in 5x10m plots.

Data was subjected to analysis of variance according to
the appropriate design and means were compared using least
significant difference test. Because of similarity in soil type,
climate and environment, separate and combined analyses of variance
were carried out for the data from Langar Khel and Titar Khel. Data
from Peshawar was analysed separately.

RESULTS AND DISCUSSION

Effect of FYM on Wheat

At Peshawar application of 10 t FYM/ha did not affect any
of the parameters compared to Ot FYM/ha.(Table la)., However at the
other two locations (combined) application of FYM at the rate of 10
t/ha significantly reduced grain, yield (29% %), biological yield
(20%), tillers/w (10%), spikes/& (10%) and harvest index % (11%).
Plant height, grains/spike and 100 grain weight was not
affected. In combined analysis of the two locations none of the
location x treatment interactions were found significant. It means
the response to the application of manure at both these locations
was similar, but different than at Peshawar. Wheat drymatter
accumulation during the early stages for manure (10 t/ha) and no
manure treatments wre2 at the rates of 2.6 and 3.2 g/m'/day at
location 1, and 2.3g/m'/day at location 2 and 0.98 and 1lg/m‘/day at

location 3 (Table 3a).

27!
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Reducsion in wheat grain and biological yield, tillers
and spikes per m‘° could be because of moisture scarsity. The total
annual rainfall at each of these locations was 389 mm, Out of this
only 196mm (43%) was received during the growing season from
September 1992 to April 1993. The growing period from November to
February received only 32.2mm rainfall which rgsulted in the
reduction of tillers/m” and ultimately the spikes/m“. Although good
showers were received in March (94.8mm) and April (40.3 mm) yet
beneficial effect was not exhibited because of advanced stage of
growth. It is evident that low rainfall during the early growing
period of wheat did not allow FYM to play its role and afterward
the crop approaching maturity was not able to get benefit of the
late showers, thus depicting negative effects. Chang et al (1993)
demonstrated that manure at any rate of application had a negative
effect on yield of non-irrigated barley when moisture was below
normal. It is reported that heavy application of manures depressed
germination, growth and yield of corn (Murphy et al 1984). The
reduction is generally attributed to a build up of soluble salts
{McCalla, 1971) and NH4 toxicity (Hensler et al 1970). The
application of FYM neither increased nor decresed yield or yield
components at Peshawar. Compared to the other two locations, this
could be attributed to the slightly improved condition of moisture
availability. Out of the total annual rainfall (383 mm) at this
location 66% (285mm) was received during the crop growing season.
A major part of it (161mm) was received during the last 30 days of
maturity.

Effect of IFYM on Chickpea

At Peshawar no significant response was observed for any
of the chickpea parameters when FYM was applied at the rate of 10
t/ha. (Table 2a). However combined analysis of the other two
locations indicated significant increase in grain yield (25%) and
pods/plant (31%). for the 10t FYM/ha treatment. Grains/pod, 100
grain weight, biological yield and harvest index means did not show
significant differences., Combined analysis of the two locations did
not show significant location x treatment interactions for any of
the parameters. Although the application of 10 t/FYM/ha did not
icrease the number of nodules/plant at Peshawar but did at Langar
Khel 88%, and Titar Khel 80%, (Table 3a). At langar Khel and Titar
Khel the number of nodules per plant reduced to almost half when
collected in the post blooming period {140 days after sowing). The
reason could be that nodulation reaches its peak upto flowering and
then degenerate gradually. The number of nodules per plant at
Peshawar increased for the same period probably because of
depletion of N from the FYM and the better growing conditions.

Application of FYM (10 t/ha) increased the number of
nodules per plant in chickpea by 88 and 80% at Langar Khel and
Titar Khel respectively. This could be responsible for the 25 and
31% increase in grain yield and pods/plant at these two locations.
Since addition of organic matter generally improves the physical
condition of the soil, the applica’’ion of manure might have

LT
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provided more favorable environment for nodulation and nitrogen
fixation. Also, the well rotten manure may have been very low in
available N content. At Peshawar, the grain yield declined with
application of FYM and the number of nodules remained the same with
or without application of FYM. A higher nitrate content in the
fresh FYM may have rrduced nodulation until later in the season. It
is likely that the s0il at Langar Khel and Titar Khel have well
established populations of rhizobium due to a long history of
chickpca cultivation, while at Peshawar chickpea was grown for the
first time. The nodules at this site were mostly in clusters unlike
the normal shaped nodules at the other two sites. Gupta and Kaur
(1969) believed that the shape and size of nodules might be
influenced by the environment, Rhizobium strain and the strain host
interaction. Nodule mass is more closely correlated with N-fixation
than nodule number per plant (Pate, 1977). At flowering stage the
decrease in acetylene reduction activity is generally associated
with reduction in nodule mass. (ICRISAT 1982).

It is evident from the results that application of FYM
depressed grain as well as several yield components due to limited
moisture availability in non-irrigated wheat. However with
chickpea, under similar conditions several yield components were
improved which resulted in higher grain yield. The most conspecous
effect was on the number of nodules per plant. Study of residual
effects of FYM and crop rotation are suggested for sound
recommendations.

Response of Wheat to NP

As is evident from the data on grain yield (kg/ha) in
Table-1, there is no significant difference between the two methods
of N and P application. However, the response to fertilizer N and
P was significant at the Bannr sites. Maximum grain yield 774 kg/ha
was produced by treatment 4AN-23 Pf% kg/ha when combined over the
Bannu two sites. However, this grain yield was not significantly
different from that of treatments 46 N + 46 P(% and 46 N + 0 an
(kg/ha). Consistent with the fact that the soils at these two sites
vere difficient in P, grain yield increased with increasing rates
of P at both Bannu sites. There was no clear response to N and P at
the Peshawar site. The data on spikes/m’ of two sites (Langer Khel
and Titer Khel) given in Table-2 indicated that there was no
significant effect of method of application. However, thg varying
rates og N&P had an effect on the number of spike/m°. No of
spikes/m” incr%ased as N or P rates were increased. Maximum number
of 52 spikes/m" at Langer Khel were produced by treatment 46 N+46
%C% kg/ha, followed by 46 N+23 P and 46N+0%(% with non
significant difference between each other. The response to N&P was
similar at both sites.

The data in Table-3 shows that fertilizer rates
significantly increased grain weight compared to the control. The
maximum grain weight (4.5gm/100 grain) for the combined data was
obtained from treatment 46 N+46 PO kg/ha followed by 46N+23 PO,
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and 23 N+Pﬂ% kg/ha with non-signitficant difference from each other.
There was no response in the grain weight of N or P at Peshawar.
Method of application had no effect on grain weight at any of the
sites. The data in Table-4 indicated a trend of higher biological
vield for broadcast compared to band application at all the three
sites. Also, the rates of N&P affected crop growth. Maximum
biological yield (1999 kg/ha) was recorded from a treatment 46 N+46
PO, kg/ha and lowest was (847 kg/ha) obtained from control
treatment when combined over two Bannu sites. However, at Peshawar
there was no biological yield response to N or P. Maximum
biological yield (5472) was recorded at Peshawar due to greater
moisture availability.

There was a significant difference in the harvest index
(H.I) (Table-5) as affected by NP fertilizer applicgtion. When
combined over the two Bannu sites the maximum H.I. (43%) was
obtained from treatment 46N+23 %(% kg/ha; followed by 46 N+ O%C%
and 23N+Oﬁﬂ% kg/ha with non-significant difference from each other.
Whereas, at Peshawar, maxiumum H.I (40%) was obtained for treatment
46 N+23%C% kg/ha. These data show a trend for H.I.to be influenced
by method of application. Band application obtained higher H.I.
values at all 3 sites. As is evident from the data in Table-6,
there was a significant increase in plant height with N rates
compared to the control at both Bannu sites. Maximum plant height
(68cm) was shown by treatment 46N+23 P205 kg/ha and the lowest
(51cm) was obtained from control treatment.

Response of Chickpea to NP

The grain yield data in Table-7 shows broadcast
application of fertilizer produced higher grain yield (1458 kg/ha)
than that of band application (1044 kg/ha). The rate of application
had a significant effect on grain yield. The maximum grain yield
(1443 kg/ha) at Langer Khel was produced by treatmerit 46N + 46 P(%
kg/ha followed by 46N + 23&(% kg/ha producing 1177 kg/ha. e
lowest grain yield (422 kg/ha) was produced by control treatment.
With each added increment of N fertilizer there was an incremental
and linear increase in grain yield at both Bannu sites. There was
a slight negative response to N and P at Peshawar. This site was
heavily infested by podborer resulting in very low grain yields.
This precludes zony interpretation of response to fertilizer at this
site. There was a significant increase in 100-grain weight with
fertilizer rates (Table 8). Highest grain weight was obtained with
NP combinations. Combining of the two Bannu sites shows that the 46
N + 46 P{% and 46 N + 23 P,0; kg/ha treatments produced the highest
grain weights, 16.7 and 3 .38/100 grains compared to only 10.9
g/100 grains produced by the control. At Peshawar, similar to its
effect as grain yield, applied fertilizer resulted in a slight
reduction in 100 grain weight.

Applied N significantly increased the pod/plant and there
appeared to be linear response to N application (Table 9). Maximum
¥pod number 43/plant was produced by treatment 46N+23P205 across two
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sites (Langer Khel and Titer Khel) followed by treatments 46N+0P¢§
(39 pods/plant) and 46N+46%C5 (38 pods/plant) with non significan

difference between these two treatments. The lowest number of 20
and 21 pods/plant was obtained from treatment ON+23P,0; and control
respectively. Phosphorus alone had no significant “effect on the
number of pods per plant. There was no response of grains/pod to
either method or rate of N or P application, (Table 10). All pods
examined from all treatments contained two pods. Applied N
significantly increased plant height Z(Table-11). The data shows a
linear postive response with each increment of applied N. There was
no apparent effect of P on plant height. Biological vyield response
to added N and P followed a pattern similar to as that of grain
yield (Table-12). Maximum biological yield was (3728 kg/ha)
obtained with 46 N + 46P ; kg/ha at Langer Khel followed by 46 N
+ 23 P%% kg/ha (3052 kg/ha). The biological yield response to N&P
at Titer Khel was similar.

It is concluded that FYM reduced wheat grain yield but
had a positive effect on chickpea grain vield at Bannu sites under
limited rainfall conditions. Whereas at Peshawar with relatively
better moisture availability FYM resulted in increased crop
productivity. There was no response to method of N and P
application suggesting that broadcast method being more feasible to
farmers may have merit over band method, without any economic loss
in yield. The response of wheat and chickpea to N and P fertilizer
was positive and need further study to determine economic levels in
rainfed agriculture, correlating crop responses to fertilizer rates
with soil and meteorological parameters.
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Table-la. Effect of Farm Yard Manure (FYM) on Plant characteristics
of wheat c.v.Pirsabak-85 at three locations. 1992-93.

S S M o S e D S D M W . e e . T T s e e > T G s G T S G — T - S — - " G T o P W > S GE AP G e = = . —

Parameter FYM Langer Titter Combined Peshawar
t/ha Khel Khel
Tillers/m: 0 112 a 125 a 119 a 272 a
10 108 b 104 a 107 b 286 a
Plant height(cm)0 53 a 56 a 55 a 98 a
10 54 a 56 a 55 a 95 a
Spikes/m2 0 106 a 121 a 115 a 270 a
10 105 a 102 a 103 b 284 a
Grains/spike 0 32 a 32 a 32 a 45 a
10 30 a 33 a 32 a 46 a
100-Grain 0 3.5 a 3.5 a 3.5 a 4.2 a
wt (g) 10 3.5 a 3.6 a 3.5 a 4.1 a
Biologiéal 0 2998 a 3145 a 3072 a 3017 a
yield, kg/ha 10 2620 a 2295 a 2458 b 2947 a
Grain yield 0 1139 a 1234 a 1187 a 939 a
kg/ha 10 893 b 795 b 844 b 937
Harvest index 0 38 a 38 a 38 a 2639
10 34 b 34 b 34 b 30.5

Means followed by different letters in a column are significantly
different according to LSD at 5%.
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Table-2a. Effect of Farm Yard Manure (FYM) on Plant characteristics
of Chickpea c.v. CM.72 at three locations. 1992-93.

Titt
Khel

Combined Peshawar

- —— - o ———— —— o t—— - = A fm M S 0 W . W G A N G S - S S S S G Gm = e M G S e G S G e e S e

Parameter FYM Langer
t/ha Khel
Pods/plant 0 40 a
10 49 a
Grains/pod 0 2 a
10 2 a
100 Grain 0 14 a
wt (g) 10 14 a
Biological 0 2102 a
vield, kg/ha 10 2204 a
Grain yield 0 892 a
kg/ha. 10 932 a
Harvest index 0 44 a
10 43 a

14
14

2010
2840

7917
1185

43
42

er
a 39
a 51
a 2
a 2
a 14
a 14
a 2056
a 2522
b 844
a 1059
a 43
a 42

b 92 a
a 86 a
a 2 a
a 2 a
a 14 a
a 14 a
a 2341 a
a 2545 a
b 599 a
a 467 a
a 26 a
a 19 a

Means followed by different letters
different according to LSD at §%.

in a column

are significantly
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Table-3a. Effect of Farm Yard Manure (FYM) on Nodules/ Plant and
dry matter accumulation in chick pea and wheat. 1992-93.,

Days after 80 140 80 140 60 120
sowing.

FYM t/ha Nodules/plant

0 10 6 10 5 6 10
10 21 9 20 7 5 11

0 13 160 7 180 52 179
10 24 219 11 261 60 165

Wheat D.M (g/mh

25/
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Table~1. Grain yield (kg/ha) of wheat cv Pirsabak-83 as affected
by methods and levels of N&P application at three

Pakistan locations, 1992-93.

—————-—-—————————-——.—-—___—_—_.._..._—_—.__—_-————————_——_—_——_—_

Kg/ha Langer Khel Titter Khel Combined Peshawar
N P

0 0 195 F 376 H 285 E 2333
0 23 266 EF 449 F 357 D 2222
0 46 327 E 425 G 376 D 1722
23 0 439 D 715 D 377 C 2139
23 23 508 CD 685 E 597 BC 1944
23 46 548 BC 707 D 627 B 1889
46 0 597 BC 572 B 734 A 1972
46 23 629 AB 918 A 774 A 1944
46 46 723 A 805 C 764 A 2444
LSD 5% 10.1 1.4 5.0

Methods

Band 446 646 546 2197
B.Cast 494 6717 582 1938

different according to LSD at 5%.
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Table:-2. Number of Spikes/unit area of wheat cv Pirsabak-85 as
affected by methods and levels of NP application at two
Pakistan Locations. 1992-93.

Kg/ha Langer Khel Titter Khel Combine

N P

o o e s2p  a0r
0 23 33DE 52 E 42 F

0 46 34 DE 72 CD 53 E

23 0 38 CD 72CD 56 C

23 23 42 BC 71 D 56 DE

23 46 43 BC 78 BC 60 CD

46 0 45 ABC 89 A 67 A

46 23 49 AB 75 BCD 62 BC

46 46 52 A 80 B 66 AB

LSD 5% 7.59 6.217 4,74

Methc's T
Band 40 71 55

B.Cest 41 71 56

243
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1992-93.

Langer Khel

CD

BC

BC

AB

3.9 CDE
3.9 DE
4.3 AB

3.9 CD

4.4 AB

4.2 BC

Peshawar

Kg/ha
N P
0 0
0 23
0 46
23 0
23 23
23 46
46 0
46 23
46 46
LSD 5%
Method
Band

B.cast

18

100 grain weight(gm) of wheat cv Pirsabak-85 as affected
by methods and levels of NP application at three Pakistan
locations.
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Titter Khel Combine
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Table:~4. Biological yield Kg/ha. of wheat cv Pirsabak~85 a:
affected by methods and levels of NP application at three
Pakistan locations. 1992-93.

Kg/ha Langer Khel Titter Khel Combine Peshawar
N p

o o sear | ttoswn  earn sees
0 23 755 E 1282 F 1018 G 5444

0 46 941 D 1240 G 1091 F 6139

23 0 1042 D 1703 E 1372 E 5139

23 23 1243 C 1687 E 1465 D 5555

23 46 1491 B 1920 D 1706 D 5361

46 0 1484 B 2147 A 1815 B 5444

46 23 1426 B 2060 C 1743 C 4471

46 46 1888 A 2111 B 1999 A 5805

LS 5% 13.53  z.as  see T
Method TTTTTTTTTTmomeoeee-
Band 1113 1606 1359 5389

B.cast 1299 1785 1542 5555
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Table:-5. Harvest index of wheat cv Pirsabak-85 as affected by
methods and levels of N&P application at three Pakistan

locations. 1992-93.

Langer Khel

42 AB
41 AB

37 BCD

Titter Khel Combine

34 C 34 F
38 ABC 38 CDE
36 BC 36 FE
42 AB 42 AB

38 ABC 40 BCD
38 ABC 37 DEF

43 A 40 ABC

Peshawar

Kg/ha
N P
0 0
0 23
0 46
23 0
23 23
23 46
46 O
46 23
46 46
LSD 5%
Method
Band
B.cast

5.15 3.69
40 40
39 38
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Table:-6. Plant Height (cm) of wheat cv Pirsabak-85 as affected by
methods and levels of NP application at two Pakistan
locations. 1992-93.

- ——— " G AP S S G AP W e T —— - i G e S P W e S e A MR GE S e S D G A BB D T S @R S S e S M G S G R G =

Kg/ha Langer Khel Titter Khel Combine

N P

o o T4 T ssp  s1c
0 23 52 55 D 54 C

0 46 51 53 E 52 C

23 O 59 64 B 61 B

23 23 64 60 C 62 B

23 46 65 59 C 62 B

46 0 66 66 A 66 A

46 23 68 67 A 68 A

46 46 69 66 A 67 A

Lso 5% - 1.6 2.4
Method T
Band 60 60 60

B.cast 61 61 61
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Table:-7. Grain yield kg/ha of chickpea as affected by methods and
levels of NP application at three Pakistan locations.

1992-93.

,i‘-g-/;;;"mm"i;;;;: Khel Titter Khel Combine Peshawar
o o 4z22F 661D 544G 433
0 23 533 E 622 D 578 G 316

0 46 591 E 1033 C 812 F 219

23 0 720 D 1400 B 1060 E 377

23 23 905 C 1666 B 1285 D 233

23 46 872 C 2356 A 1614 C 298

46 0 1082 B 2322 A 1702 BC 317

46 23 1177 B 2533 A 1855 AB 384

46 46 1443 A 2622 A 2033 A 357

Lso 5% . 9.87  35.20  17.83 -
Method
Band : 668 . 15621 1094 282
B.cast 1053 1862 1458 371
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Table:-8. 100 grain weight (gm) of chickpea as affected by methods
and levels of NP application at three Pakistan locations.

1992-93.
52}?1;;""'"‘"1;;;;}' Khel Titter Khel Combine Peshawar
o o 10.2D  11.1F 109 F 13.3
0 23 11.9 C 12.5 E 12.2 E 12.4
0 46 13.2 B 12.8 E 13.0 D 11.5
23 0 13.5 B 13.7 D 13.6 CD 11.7
23 23 14.4 B 14.0 D 14.2 C 13.4
23  4¢ 13.9 B 14.2 D 14.1 C 13.3
46 0 16.0 A 15.2 C 15.6 B 12.5
46 23 16.8 A 15.8 B 16.3 A 11.6
46 46 16.7 A 16.8 A 16.7 A 12.5
Lsp 5% 1.38  o.e5  o.128
Method
Band 13.7 14.2 14.1 12.4

B.cast ' 14.3 13.9 14.1 12.5
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Table:-9. Number of Pods per plant of chickpea as affected by
methods and levels of NP application at two Pakistan
locations. 1992-93.

rﬁ(g/haP Langer Khel Titter Khel Combine Agril.Uni.
o o 1sE e | aipe T
0 23 19 DE 21 F 20 E

0 46 19 DE 27 E 23 D

23 0 22 CDE 31 D 27 C

23 23 26 ABC 32 D 29 C

23 46 25 BCD 17 G 21 DE

46 0 30 AB 47 B 39 B

46 23 31 A 56 A 43 A

46 46 31 A 45 C 38 B

LsD 5% s.47  1.e1  z.res
Method T
Band 25 37 31'

B.cast 24 30 27

290
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Table:~-10. Number of grains per pod of chickpea as a’fected
by methods and levels of NP application at three
Pakistan locations. 1992-93.

rlq(g/haP Langer Khel Titter Khel Combine Peshawar
o o 2 TTTyTTTTTRTTTTYITT
0 23 2 2 2 2

0 46 2 2 2 2

23 0 2 2 2 2

23 23 2 2 2 2

23 46 2 2 2 2

46 0 2 2 2 2

46 23 2 2 2 2

46 46 2 2 2 2

Lsp 5% - TTTTTITTTTTTTTTTTTTTTTTTTTTTTTTTT
Method T
Band 2 2 2 2

B.cast 2 2 2 2
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Table:-11. Plant Height (cm) of wheat c¢cv Pirsabak-85 as
affected by rethods and levels of NP application at
two Pakistan locations. 1992-93.

Kg/ha Langer Khel Titter ihel Combine

N P

o o 49  sp  s1c¢
0 23 52 55 D 54 C

0 46 51 53 E 52 C

23 0 59 64 B 61 B

23 23 64 60 C 62 B

23 46 65 59 C 62 B

46 0 66 66 A 66 A

46 23 68 67 A 68 A

46 46 69 66 A 67 A

Lsp 5% - 1.6 2.4
Method
Band 60 60 60

B.cast 61 61 61

nie
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Table:-12, Biological Yield kg/ha of chickpea as affected by
methods and levels of NP application at three
Pakistan locations.1992-92.

Kg/ha Langer Khel Titter Khel Combine Peshawar
N P

0 0 1123 G 1663 G 1393 H 2333
0 23 1434 F 1622 G 1528 H 3033
0 46 1442 F 2621 F 2031 G 2464
23 0 1867 E 3534 E 2700 F 2444
23 23 2362 D 4201 D 3281 E 24178
23 46 2258 D 5853 C 4055 D 2144
46 0 2833 C 6103 B 4468 C 2325
46 23 3052 B 6444 A 4748 B 2778
46 46 3728 A 6580 A 5149 A 23417
LSD 5% 20.32 19.15 13.8 -
Methad

Band 1761 3945 2853 1898
B.cast 2703 4637 3669 3067

—————————_——_——_-——_—-._-..—__——-—.._.—._——_——__-_._-——-——-—_——_——-—
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Pre-flooding tillage influences on wheat and chickpea production
in a semi-arid climate of Pakistan

H.U. Khan, M. Azam, I.U. Awan and M.A. Khan
Faculty of Agriculture, Gomal University
D.I.Khan, NWFP, Pakistan.

ABSTRACT

The Rod-Kohi (flood irrigation/hill torrent) agriculture practiced in the Daman
area of the Dera Ismail Khan Division of North West Frontier Province, Pakistan,
is unique, bound in tradition and influenced little by modern technolngy. Water
conservation is a major concern because the climate is hot and arid. During the
winter growing season, water stored in the soil from a spring or summer flood is
the primary source of water. An on-farm research project was started during the
1992 crop season to determine the impacts of alternative tillage practices on
crop water availability.

Your preflood tillage practices were evaluated: (1) cultivator, (2) meldboard
plough, (3) disc plough, and (4) chisel plough. Tw. varieties coi wheat (Triticum
aestivum L.), local and improved variety (Pirsabak-91), and two varieties of
chickpea (Cicer arietinum L.), local and improved variety (CM-72), were grown.
Each tillage practice was replicated four times in a split plot design. Tillage
impacts on soil water content, plant growth, and crop yields were measured.

The availability of water increased with an increase in the depth of tillage:
more water was utilized by the wheat plants when the chisel plough was used.
Among the four tillage practices, there was no pronounced effect on the
characteristics of the wheat and chickpea varieties under study. The improved
variety of wheat gave more yield/ha than the local variety, while the improved
variety of chickpea gave a slightly better yield than the local one.

INTRODUCTION

The Rod-Kohi (flood irrigation/hill torrent) agriculture
practiced in the Daman area of the Dera Ismail Xhan Division of
North West Frontier Province, Pakistan, is unique, iusund in
tradition and influenced 1little by modern technology. Water
conservation is a major concern because the climate is hot and
arid. During the winter growing season, water stored in the soil
from a spring or summer flood is the primary source of water.

Tillage impacts on water availability in the Rod-Kohi irrigated
area have not been assessed. However, if water availability could
be increased through tillage, the impacts would be very significant
since surface water supplies in the area are both limited in amount
and erratic in availability. Adopting new crop varieties may be
another option for increasing agricultural productivity.
Consequently, this study was undertaken to test alternative tillage
practices and to test new wheat and chickpea varieties, the
commonly grown crops in the area, for the purpose of increasing

7Y
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agricultural productivity and thereby the living standards of the
area's farming communities. 6

The Daman area is about 0.37 x 10° hectares (ha). The farming
communities in the area are poor.

The Rod-Kohi irrigation system existed prior to 1905, when it was
formally organized under the district administration during the
establishment of water rights and land settlements (Bolton, 1990).
The Rod-Kohi area is irrigated from semiperennial streams (zams) or
from seasonal hill torrents (nullahs). The main sources of
irrigation water are Tank Zam, Gomal Zam, Sheikh Haider Zam,
Daraban Zam, and Chaudwan Zam (see Figure 1), and miscellaneous
hill torrents of District Tank and Tehsil Kulachi. Torrents result
from individual rains of 60 to 150 mm, which can occur from mid-
February to mid-April and from mid-July to late August. The summer
torrents are the major ones, resulting from rains on Sulaiman Range
in the west and Marwat Range on the north. The catchment areas of
these ranges are barren. Steep slopes exist upstream of the gorges
from which the torrents emerge. These torrents have steep gradients
and high velocity, and contain large quantities of silt and clay
which are deposited on flatter slopes. The torrents often change
their course in the piedmont or flood plains and are thus likely to
damage lands. The flood water is diverted to fields varying in area
(2-10 ha) and surrounded by earthen dikes (bunds) 1-2 m high .

The climate of The Rod-Kohi area is arid to semi-arid, with
precipitation occurring in the monsoon (Kharif) and spring (Rabbi)
seasons. Annual precipitation varies from 120 to 370 mm. In the
Kharif season, rain occurs in the months of July and August, and in
the Rabbi season in the months of March and Aprilb June is the
warmest month, with a mean maximum temperature of 41 C.OJanuary is
the coldest month, with a mean minimum temperature of 4 "C. Because
of low humidity, the continental location, and a dearth of
vegetation, extremes in climate are commonly experienced.

Agricultural Productivity in Daman

The productivity of traditional crops such as wheat, chickpeas,
sorghum, millet, and rapeseed/mustard in the Daman area is well
below the national average (Ahmad, 1990). This is due to the
practice of outmoded and poor methods of agriculture, as well as a
lack of soil moisture conservation practices. The fortunes of the
Rod-Kohi farmers vary from subsistence to devastation. The latter
could be due either to a lack or an overabundance of hill torrents.
Soil deposition is large enough to obliterate the soil structure
every year.

Only in recent years has any effort been made to evaluate the
agricultural production potential of the Rod-Kohi irrigated lands
(Amin, 1990; Wadud and Ahmad, 1990; Khan, 1990). The introduction
of improved crop varieties and the modification of tillage
practices have been identified as potential on-farm practices that
could increase agricultural productivity.

~2N
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Tillage Practices and Water Availability

According to Unger (1990), water conservation is the net result
of the interactions among a series of complex factors and
processes. These include climate; the amount, distribution, and
type of rainfall; soil physical and hyd:raulic properties; tillage
and residue management practices; weed control; and the crops
grown.

Under dryland conditions, especially where growing season
precipitation is limited, the amount of plant-available water
stored in the soil at planting time has a major effect on the
growth and yield of the crop. For example, grain yields of dryland
whﬁat and grain sorghum increased an average of 7.2 and 17.0 kg
ha’, respectively, for each additional millimeter of plant-
available water in the soil at planting time (Johnson, 1964: Jones
and Hauser, 1975),.

Although many factors are involved in the conservation of water
in the soil, tillage practices enhance water storage by enabling
quick infiltration of stored water and allowing less time for
evaporation to take its toll. In arid and semi-arid areas, tillage
to depths greater than ordinary ploughing can increase crop yields
(Eck and Unger, 1985). Improved germination, tillering, and yield
are attributable to a decrease in bulk density and an increase in
water infiltration because soil layers that restrict water are
disrupted. The water is thus stored in deeper layers (Eck and
Taylor, 1969; Singh et al., 1991).

Beneficial, long~term (21 years) effects of soil modification on
wheat yields have been documented by Eck (1986). Hardpan or
restricting layers below the surface can be removed by ploughing
with a chisel or disc plough, which causes a mixing of profile
layers (Bradfield and Blanchar, 1977; Burnett and Hauser, 1967;
Doty et al., 1975; Eck et al., 1977). The effect of deep tillage is
usually greatest when the soil is relatively dry. The benefits
usually observed from deep tillage are greater water infiltration
and conservation and better root growth, which allows roots to
extract water and nutrients from a larger soil volume.

The economics of deep tillage are often unfavourable, except for
the production of high-value crops. A fairly recent concept, in
which only a portion of the soil restricting zone is affected, is
in-row subsoil tillage. In this method, a narrow chisel subsoiler
is operated in front of the planter opener. This method is
effective in allowing row crop root penetration through a root-
restricting compacted tillage zone in coarsc-textured soils
(Trouse, 1978; Smith et al., 1983).

Tillage affects soil aggregate size distribution and stability,
surface roughness, and hence water infiltration. Loosening of the
soil with sweep tillage 1is effective for increasing water
infiltration where surface residues are limited. Moldboard
ploughing results in lower final infiltration rates than
noninverting tillage methods because fewer stable aggregates are
deposited on the surface with the latter method (Unger, 1992).
However, moldboard ploughing can increase the vegetative growth of
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grasses and some vegetables whose root systems are shallow (Eck and
Davis, 1971; Mathers et al., 1971). The most effective tillage
methods for increasing infiltration are those that maintain as much
organic matter as possible at or near the soil surface, or those
that leave the surface rough and more resistant to crusting.

MATERIALS AND METHODS
Study Preparations and Procedures

A general survey of the Rod-Kohi area was made in June 1992. Many
villages in the area were visited, and the farmers interviewed and
familiarized with the objectives of the project. The main purpose
of these efforts was to acquire suitable land for setting up the
experimreats. Two sites near the village of Shero Kohna about 25 km
west of Dera Ismail Khan city were selected, one for wheat and the
other for chickpeas. The area of the land at each site was about 2
ha.

The field experiments were conducted during 1992-93. They were
carried out in a split p}ot design with four replications. The plot
size was 7.03 x 14.25 m‘.

The land was prepared with four tillage implements—-~cultivator
(0~15 cm depth), moldboard plough (0-30 cm depth), disc plough (0-
45 cm depth), and chisel plough (0-60 cm depth)--before preflooding
in June 1992. Two varieties were used in each experiment, that is,
both local and improved varieties of wheat and chickpeas (Table 1).

TABLE 1

Treatsents used in the experiment during 1992-93.

Nain Plot Treatments
Tillage Practices

Cultivator

Disc Plough
Noldboard Plough
Chisel Plough

Sub Plot Varieties

Local
Taproved

Soil samples were collected before the crops were sown and
analysed for physio-chemical properties per the standard method
(Table 2).

The fields were ploughed again with a cultivator in the last
week of October and first week of November, 1992, for sowing of the
chickpeas and wheat, respectively. rhe seed rate was 80 kg/ha and
100 kg/ha for the chickpeas and wheat, respectively. Germination
trials were run in the laboratory at room temperature to determine
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the percentage of germination of both varieties of chickpeas and
wheat. (Table 3).

TABLE 2

Physio-chemical characteristics of soils.

Characteristic Wheat Field Chickpea Field
Textural class Sandy loam Sandy clay loam
pH (1:2.5) 8.71 8.62
HH‘-N (ng/kg) 0.70 0.80
Ko.~N (mg/ks) .10 .30

P ?us/s) 17.00 18.00

£ (ag/ks) 495.00 551,00
TABLE 3

Germination of seeds.

Naue of Variely Germination (%)
Theat - Improved (Pirsabak-91) 100
Yheat - Local 98
Chickpea - Inproved (CK-72) ’ 100
Chickpea - Local 65

On October 15, 1992, before sowing of crops, soil samples were
collected from three places per treatment with an auger to a depth
of 20 cm to determine the average water content. The depth of 20 cm
was chosen because most of the root system--98 percent in the case
of wheat and 90 percent in the case of chickpeas—--occurs in the 0-
20 cm depth interval. The depth of the soil sampled was increased
to 90 cm on May 5, 1993, just after the harvesting of the crops.
There had been rains of 2 mm and 62 mm on February 25 and March 3,
respectively, adding extra water to the soil. The collected samples
were thoroughly mixed in polyethylene bags and stored in a
refrigerator until analyzed. The bulk density of the soil under
various treatments was also determined. The procedures used for
determing average water content at various depths and bulk density
were after Hussain aud Jabbar (1985) (Tables 4-8).

Y



TABLE 4

Soil water (cm) with different treataents in Wheat crop field, October 15, 1992

Depth (cn) Cultivator Holdboard Plough Disc Plough Chisel Plough Hean
0-5 0.13 j 0.15 j 0.13 j 0.29 i 0.17 4
5-10 0.33 hi 0.44 ¢ 0.29 i 0.37 & 0.36 ¢
10-15 0.58 cde 0.57 de 0.54 ef 0.51 f 0.55 b
15-20 0.61 bed 0.63 be 0.66 ab 0.70 a 0.65 a
Hean 0.41 a 0.45 a 0.40 a 0.47 a

Heans followed ‘by same letter(s) are not significantiy different at 5% level of significance according to LSD test.

TABLE 5

Soil water (cm) with different treatments in Fheat crop field, May 5, 1993

Depth (ca) Cultivator Noldboard Plough Disc Plough Chisel Plough Nean
0-10 0.62 fgh 0.26 len 0.15 n 0.15 n 0.30 4
10-20 1.20 b 0.57 tghi 0.57 fghi 0.28 klen 0.66 abe
20-30 [.4da 1.02 cd 0.56 fghi 0.22 an 0.81 a
30-40 1.29 ab 0.63 fg 0.67 0.25 lmn 0.71 abe
40-50 1.15 be 0.35 jkia 0.63 fg 0.38 jkia 0.63 be
50-60 0.94 de 0.22 mn 0.84 ¢ 0.28 klamn 0.57 ¢
60-70 1.29 ab 0.35 jkim 0.94 de 0.41 ijkl 0.75 abe
10-80 0.56 fghi 0.42 ijkl 0.98 cde 0.45 ghijkl 0.60 be
80-90 1.15 be 0.49 fghij 0.99 cde 0.45 hijt 0.77 ab
Hean 1.07 a 0.48 ¢ 0.7 b 0.32 4

Keans folloved by same letter(s) are not significantly different at SX Ievel of significance according to LSD test,

BE

ST AVAILABLE DOCUMENT
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TABLE 6

Soil water (cm) with different treataents in Chickpea crop field, October 15, 1992

Depth (cm) Cultivator oldboard Plough Disu Plough Chisel Plough Kean
0-5 0.16 h 0.18 h 0.19 h 0.2% 3 0.2t ¢
5-10 0.30 ¢ 0.36 fg 0.37 ¢ 0.36 fg 0.35 b
10-15 0.42 ef 0,50 bed 0.48 cde 0.55 be 0.49 a
15-20 0.47 de 0.57 ab 0.50 bed 0.65 3 0.55 a
ean 0.34 2 0.40 a 0.39 a 0.46 a

Keans follomed by same letter(s) are not significantly different at SY ievel of significance according to LSD test.

TABLE 7

Soil water (ca) with different treataents ip Chickpea crop field, May S, 1993

Depth (ca) Cultivator Koldboard Plough Disc Plough Chisel Plough Nean
0-10 .20 qr 0.32 pq 0.35 pq 0.14 ¢ 0.25 ¢
10-20 0.66 jkla 0.74 ijk 0.99 hi 0.53 mno 0.71 ¢
20-30 8.70 jkI 0.74 jjk 0.77 ij 0.41 op 0.66 ¢
30-40 0.43 nop 0.48 nop 0.36 p 0.42 op 0.42 4
40-50 111 efg 0.35 pq 0.59 kimn 0.54 Iano 0.65 ¢
50-60 1.12 efg 0.67 jkla 1.12 efg 0.80 ij 0.93 b
60-70 1.18 det 0.39 op 1.26 cde 0.93 gh 0.95 b
10-80 1.30 bed 1.05 fgh 1.34 abe 0.98 gh 1.17 a
80-90 L.44 ab 1.16 def 1.48 a 1.05 fgh 1.29 a
ean 0.90 a 0.66 a 0.91 2 0.65 a

Neans followed by same letter(s) are not significantly different at 5% level of significance according to LSD test.

BEST AVAILABLE DOCUMENT

20/



TABLE 8
Effect of different tillage practices on the Bulk Density of soil in the Wheat and Chickpea fields at a depth of
5-13 ca.
Tillage used Wheat field Chickpea field
{up to depth of) (Sandy loanm) (Sandy clay loaa)
Cultivator L0 g/ea? .18 g/ca’
(15 cn) 1 1
Uoldboard Plough 1.57 g/cm 1,31 g/ca
{30 cn) 1 1
Disc Plough 1,29 g/ca 1,20 g/cm
{45 cn) 1 1
Chisel Plough 1.34 g/cn [.34 g/co

{60 ca)

Observations

Data on various plant characteristics were recorded following the
harvesting of the crops in the first week on May 1993. These data
included the following: plant height at maturity, number of
tillers/plant, length of spike, number of spikelets/spike, number
of grains/spike, weight of 1000 grains, and yield (t/ha).

Plant height at maturity. Ten plants were selected at random from
each plot. Their height was measured from the soil surface to the
tip of the spike with the help of a meter rod, and average height
was calculated (Table 9).

Number of tillers/plant. Ten plants were selected at random from
each plot. Their tillers were counted, and the average number of
tillers/plant was calculated (Table 9).

Length of spike. Ten plants were selected at random from each
plot. The length of the spikes was measured, and the average length
of spike was calculated (Table 9).

Number of spikelets/spike. Ten spikes were selected at random
from each plot. The spikelets in each spike were counted, and the
average number of spikelets/spike was calculated (Table 10).

Number of grains/spike. Ten spikes were selected at random from
each plot. The grains were removed from the spikes separately, and
the number of grains in each spike was counted. The average number
of grains/spike was then calculated (Table 10).

30>



TABLE 9

Effect of different tillage practices on Plant height, Number of Tillers per Plant, and Length of Spikes in Wheat varieties.

10

Tillage Used

Average Plant Height (cm)

Average No. of Tillers/Plant

Average Length of Spike (cm)

(up to depth of) Local Teproved Local Improved Local Taproved

Variety  Variety  Kean Variety  Variety  Nean Variety  Variety  Nean

(PS-91) (PS-91) (P$-91)

Cultivator 127,008 87.8% b  107.422 10.00 cd  14.00 ab 12.00 a 8.60 b 10.00 b  9.30 ab
(15 cm)
Noldboard Plough 101.00 ab 86.00 b 93.50 a S.00e {1.00 bc  8.00a 6.60 ¢ 10,005  8.300
(30 ca)
Disc Plough 115.00 ab 85.50 b  [20.25a 7.00de 15.00a 11.00 a $.00 b 11.80 & 10.40 2
(45 ca)
Chisel Plough 124,002 82,006 103,00 a 6.00e  13.00 abc 9.50 a 9.00 b 10.00 b 9,50 ab
(60 cm)
ean 116,758 85.31 b 7.00b  13.25a 8.30 b 10.45 a

Means followed by same letter(s) are not significantly different at 5%

TABLE 10

Effect of different tillage practices on the Number of §

varieties.,

level of significance according to LSD test.

pikelets per Spike, Nuaber of Grains per Spike, Weight of 1000 Grains, and Yield per hectare in Wheat

Tillage Used

Average No. of Spikelets/Spike

No. of Grains/Spike

Feight of 1000 Grains (g)

Yield {tones/ha)

(up to depth of) Local igproved Local Improved Local I[oproved Local Taproved

Variety Variety  WNean Variety Variety  Mean Variety Variety  NMean Variety Variety NMean
(PS-90) (PS-91) (PS-91) {P$-9)

Cultivator 16.80 bc  21.00 ab 18,90 a 3400 c 62,00 b 48,00 a 50.00 a 46,00 ab  48.00 a 2.63e 3.0Sc¢ 2.89 ¢

(15 cm)

Koldboard Plough 12,004 19.00 abc 15.50 b 40.00 ¢ 67.00 ab 53.50 a 45.00 ab 46.00 ab  45.50 ab 2471 3.50bh 2,99 be

(30 cam)

Disc Plough 1700 be  20.80 2 19.40 a 36.00 ¢ 68.80 2  52.40 a 42,00 b 50.00 a2  46.0u ab 2.35f  3.82a 5.0

(45 ca)

Chisel Plough 14,80 cd  21.00 ab 17,90 a 39.00 ¢ 67.00 ab 53.00 a 40.00 b 44,00 ab 42,00 b 2.718d 3.86a 3922

(60 ca)

Yean 15.15 b 20.70 a 37.25 b 66.20 a 44252 46.50 a 1.56b  3.58a

Means followed by same letter(s) are not significantly different at S

level of significance according to LSD test.
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Weight of 1000 grains. Weight of 1000 grains replicated three
times, was determined after harvesting the crop with a triple beam
balance (Tables 10 and 11).

Grain yield. An area of 10 m2 replicated three times was
harvested from each plot. The areas were selected at random,
avoiding the border effects. Grain yields, expressed in t/ha, were
weighed using a triple beam balance (Tables 10 and 11).

Statistical Analysis

The data were analyzed statistically using Fisher's analysis of
variance technique (Steel and Torrie, 1980) and Duncan's multiple
range test (Duncan, 195S) to determine the significance of the
treatments at 5 percent probability level.

o



TABLE 11

Effect of different tillage practices on the Weight of 1000 Grains and Yield per hectare in Chickpea varieties.

12

Tillage Used

Yeight of 1000 Grains (g)

Yield {tones/ha)

(up to depth of) Local Iaproved Local Improved
Variety Variety Hean Variety Variety Nean

(CH-72) (CK-72)
Cultivator 143.00 a 147.00 a 145.00 a L, d 5.00 be 4.87 2
(15 cm)
Koldboard Plough 145.00 a 146.00 a 145.50 a 494 ¢ 5.08b 5.0 a
(30 cn)
Disc Plough 148.00 a 147.00 a 147,50 a L9t 5.50 a 5.00 a
(45 cn)
Chisel Plough 146.00 & 146.00 & 146.00 a 4,64 de .61 e 4.6 b
(60 cs)
Hean 145.50 a 146.50 a 470 b 5.05 2

leans followed by same letter(s) are not significantly different at 5X Jevel of significance according to LSD test.
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RESULTS AND DISCUSSION

The study results are based on a one-year (1992-93). The
experiments will be repeated in other Rod-Kohi areas in subsequent

years.
Seed Germination Rate

The laboratory testing showed that the improved variety of wheat
(Pirsabak-91) had a 100 percent germination rate, while the local
variety had a 98 percent germination rate. The improved variety of
chickpeas (CM-72) had a 100 percent germination rate, while the
local variety had a 6S percent germination rate (Table 3). The seed
ra:z of the local variety (CM-72) was increased appropriately for
the experiment to cope with the lower germination rate.

So:1 Water

Tre amount of soil water in the wheat crop field before and after
the termination of the experiment is shown in Tables 4 and 5.

All the tillage practices significantly affected the soil water
content at wvarious depths of so0il in the beginning of the
experiment. However, the mean values were nonsignificant, showing
the total water content to be almost the same under the four
tillage practices (Tabie 4). The same trend was noted at the end of
the experiment. However, the mean values were significantly
different in this case (Table S). Among the treatments, more soil
water was retained with the tillage cultivator (1.07 cm), followed
by the disc plough (0.70 cm) and the moldboard plough (0.48 cm),
and finally the chisel plough (0.32 cm). The lower soil water
content wivh the chisel plough indicates that more water was
absorbed/takc up by the plants with this treatment as compared
with the others.

The amount of soil water in the chickpea crop field before and
after the termination of the experiment is shown in Tables 6 and 7.

As with the wheat crop field, all the tillage practices
significantly affected the soil water content at various depths of
soil in the beginning of the experiment. However, the mean values
were nonsignificant, showing the total water content to be almost
the same under the four tillage practices (Table 6). The same trend
as with the wheat field was noted at the end of the experiment as
well (Table 7). As with the wheat crop field, more soil water was
retained with the tillage cultivator (0.90 cm) and the disc plough
(0.91 cm), followed by the moldboard plough (0.66 cm) and the
chisel plough (0.65 cm). Again the decrease in soil water content
with the chisel plough indicates that more water was absorbed/taken
up by the plants with this treatment as compared with the others.

Bulk Density

There is marked variation in the values of bulk density under the
different tillage practices. These values are lower for the

AN
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cultivator as compared with the values obtained with the other
tillage practices indicating more compaction of soil in the latter
treatments (Table 8).

Plant Characteristics: Wheat Crop

Data on the plant characteristics cited earlier were recorded
after the crops were harvested.

FPlant Height

The height of the plants of the local variety was significantly
greater (116.75 cm) than that of the improved variety (85.33 cm).
The height of the plants of the local variety was also affected by
the type of tillage: the plants with the cultivator and chisel
plough treatments were significantly higher (127 cm and 124 cm,
respectively) than the ones with the moldboard and disc ploughs
(101 cm and 115 cm, respectively). However, there was no affect of
the type of tillage on the height of the plants of the improved
variety, the plants being almost of uniform size (Table 9).

Number of Tillers/Plant

The number of tillers/plant was significantly higher (13.25) in
the improved than 1in the local variety (7.0). T.ere was a
significant effect of the type of tillage on this characteristic
with both varieties. The number of tillers/plant for the local
variety was highest with the cultivator (10.0), followed by the
disc plough (7.0), chisel plough (6.0) and moldboard plough (5.0).
A similar same trend was noted with the improved variety. The
number of tillers/plant was highest with the disc plough (15.0),
followed by the cultivator (14.0), the chisel plough (13.0), and
the moldboard plough (11.0) (Table 9).

Length of Spike

The spikes were significantly shorter (8.30 cm) with the local
than with the improved variety (10.45 cm). There was little effect
of the type of tillage on this characteristic with either variety,
except that with the local variety, the spikes were significantly
shorter (6.0 cm) with moldboard plough than with the other
treatments (8.0-9.0 cm), while with the improved variety, the
spikes were longer (11.8 cm) with the disc plough than with the
other trecatments (10.0 cm) (Table 9).

Number of Spikelets/Spike

The number of spikelets/spike is directly related to the length
of the spike: the longer the spike, more spikelets it will bear.
The improved variety bore significantly more spikelete/spike
(20.70) than the 1local one (15.15). There was a partially
significant effect of the type of tillage on this characteristic
with both varieties.

The number of spikelets/spike were significantly higher with the
disc plough (17.0) and cultivator (16.8) than with the chisel
plough (14.8) and moldboard plough (12.0) in the local variety. A
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similar trend was noted in the improved variety: the number of
spikelets/spike was significantly higher with the disc plough
(21.8) and cultivator/chisel plough (21.0) tYan with the moldboard
plough (19.0) (Table 10).

Number of Grains/Spike

The number of grains/spike is directly related to both the length
of the spike and the number of spikelets/spike: a longer spike with
more spikelets will bear more grains. The imprcved variety had
significantly more grains/spike (66.20) than the local one (37.25).
The type of tillage had no effect on this characteristic in the
local variety. However, it did have an effect in the improved
variety: the number of 3rains was highest with the disc plough
(68.80), followed by the moldboard plough/chisel plough (67.0) and
the cultivator (62.0) (Table 10).

Weight of 1000 Grains

The difference in the weight of 1000 grains was nonsignificant in
the two varieties: the weight of 1000 grains was 44.25 g in the
local variety and 46.50 g in the improved variety. There was a
partially significant effect of the type of tillage on this
characteristic in both the varieties. In the local variety, the
weight of 1000 grains was highest with the cultivator (s0 g),
followed by the moldboard plough (45 g), the disc plough (42 g),
and the chisel plough (40 g). In the improved variety, the weight
of 1000 grains was highest with the disc plough (50 g), followed by
the cultivator/moldboard plough (46 g) and the chisel plough (44 g)
(Table 10).

Grain Yield

The grain yield was significantly higher in the improved variety
(3.58 t/ha) than in the local one (2.56 t/ha). A similar yield
(3.06 t/ha) was reported for an improved variety (in this case
Pirsabak~8%) in another area of Rod-Kohi, where deep tillage (disc
plough only) was used (Khan, 1990).

There was a partially significant effect of the type of tillage
on this characteristic in both varieties. In the local variety,
significantly more yield was obtained with the chisel plough (2.78
t/ha) than with the cultivator (2.63 t/ha), followed by the
moldboard plough (2.47 t/ha) and disc plough (2.35 t/ha). A similar
trend was observed in the improved variety: more yield with the
chisel plough (3.86 t/ha)/disc plough (3.82 t/ha) than with the
moldboard plough (3.51 t/ha) and cultivator (3.15 t/ha) (Table 10).

Plant Characteristics: Chickpea Crop

As with the wheat crop, data on plant characteristics were
recorded after the crops were harvested.

Weight of 1000 Grains
The difference in the weight of 1000 grains was nonsignificant in
the two varieties: 145.50 g in the local variety and 146.50 g in
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the improved variety (CM-72). This characteristic was not affected
by the type of tillage with either variety (Table 11).

Grain Yield

The yield of the improved variety was c.~1ificantly higher (5.05
t/ha) than that of the local variety (4.70 t/ha). There was a
significant effect of the type of tillage on yield with both
varieties. With the local variety significantly more yield was
obtained with the moldboard plough (4.94 t/ha), followed by the
cultivator (4.74 t/ha), the chisel plough (4.64 t/ha), and the disc
plough (4.49 t/ha). However, with the improved variety,
significantly more yield was obtained with the disc plough (5.50
t/ha), followed by the moldboard plough (5.08 t/ha), the cultivator
(5.00 t/ha), and the chisel plough (4.61 t/ha) (Table 11). The
yield of both the varieties showed an enormous increase (more than
double) over that reported previously (Khan, 1990) for another Rod-
Kohi area. The tillage used in that study was the disc plough. It
is also reported for that study that the chisel plough treatment
seemed to give almost the same yield as the disc plougn.

GENERAL SUMMARY AND CONCLUSIONS

Rod-Kohi agriculture is practiced in the Daman area of the Dera
Ismail Khan Division of North West Fronteir Province, Pakistan.
This is a unique traditional system whereby flood water is stored
in the fields, serving as the main source of irrigation for growing
crops. The yield/ha is very low, and the farmers are living below,
the poverty line. The area has an arid to semi-arid climate,

An on-farm project was started in 1992-93 with a view to
enhancing agricultural production in these areas. Four preflood
tillage practices--cultivator (0-15 cm depth), moldboard plough (0-
30 cm depth), disc plough (0-45 cm depth), and chisel plough (0~60
cm depth) were used to determine the degree of water conservation
in the soil, and its subsequent effects on various plant
characteristics and grain yield in wheat and chickpea varieties.
Two varieties of wheat--local and improved (Pirsabak-91)--and two
varieties of chickpea--local and improved (CM-72)--with four
replications were grown in a split pict design.

The effect of various tillage practires on the conservation of
water at various depths of soil was nonsignificant for both crops
in the beginning of the experiment. The same trend was noted in the
chickpea fields after the harvesting of the crop. However, there
was a significant effect of the type of tillage noted in the wheat
fields after the harvesting of the crop: significantly more water
remained in thz soil when the cultivator (1.07 cm) was used,
followed by the disc plough (0.70 cm), moldboard plough (0.48 cm),
and chisel plough (0.32 cm).

There was no pronounced effect of the type of tillage on the
plant characteristics of the four varieties. However, the improved
variety of wheat gave more yield/ha than the local one, while the
improved variety of chickpea gave a slightly higher yield than the
local one.
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The project has resulted in many benefits, not only for the
farmers of the area, but also for the country at large. The farmers
have witnessed for the first time the utility of improved tillage
practices, and have started applying these practices in their
fields. Thus the project has had an impact even after its first
year. It is envisioned that the country's agricultural production
of at least traditional crops such as wheat and chickpeas, will
increase tremendously after completion of the project as the
farmers adopt the improved practices. This in turn will eventually
ease the country's burden of importing food grains and save the
expenditure of hard-earned foreign exchange.

Acknowledgments: The authors are highly indebted to the Board of
Science and Technology for International Development, National
Research Council, USA, for providing necessary funds for running
the project.
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REDUCING RISK OF CROP FAILURE BY USING MICRO-CATCHMENT
WATER HARVESTING IN ARID AREAS

REDUCTION DU RISQUE DE PERTE DE CULTURE DANS LES ZONES
ARIDES PAR COLLECTE D'EAU ET MICRO-INTERCEPTION

Z.A. Qureshi! and L.8. Willardson?
Abstract

A field study of water harvesting using compacted soil
surfaces was conducted from 1986 to 1989 in upland Balochistan

Province of Pakistan. Crop yields for ratios of catchment to

cropped area of 2:1, 1:1, and control (0:1) were evaluated. An
experimental area of 1.44 ha. was divided into four replications of
three plots each. Every plot was 20m wide and 60m long.

During the moderate rainfall (205mm) year of 1987/88 total dry
matter (TDM) and grain production computed on a total land area
basis were 36% and 92% higher in the 1:1 treatment than in the
control treatment. Although the 2:1 treatment stored more soil
moisture over the three years of study, treatment 1:1 produced 34%
more total dry matter and 41% more grain than the 2:1 treatment
vhen yields were computed on a total land area basis. :

Résumé

Une étude au champ de la collecte de l'eau par compactage des
surfaces de sol a &té& menée de 1986 & 1989 dans les hautes Zones de
la province du Balochistan au Pakistan. Des &valuations de
rendements de cultures ont &té menées pour des rapports surface
dtinterception sur surface cultivée de 2:1, 1:1, et 0:1 (témoin).
Une parcelle expérimentale de 1,44 ha a &té divisée en quatre
répétitions de 3 unités chacune. Chaque unité &tait de 20 m de
largeur et 60 m de longueur.

Durant 1°'année 1987/88, année & pluviométrie modérée (205 mm),
la production de matidre séche totale (MST) et le rendement grain
calculés sur la base de la surface totale &taient de 36% et do 92%
plus élevés pour le traitement 1:1 que pour le traitement témoin.
Bien que le traitement 2:1 a résulté en un plus grand stock d‘eau

1 zahid a1i Qureshi, Agricultural Engineer Arid Zone Research
Institute, Quetta, Pakistan

2 Lyman S. Willardson, Professor, D=ept. Bio. & Irrig.tEngr.
Utah State Univ., Logan, Utah 84322-4105.
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dans le sol sur les trois années, le traitement 1:1 a donné 34% de
plus en matiére séche totale et 41% de plus en grain que 1le
traitement 2:1 et ceci quand les rendements ont &té calculés sur la

base de la surface totale.

INTRODUCTION

For thousands of years man has tried to survive in desert
regions by managing runoff from rainwater (Boers and Ben-Asher
1982). Runoff farming methods were developed about 4000 years ago
in the arid regions'of the Middle East, Southern Arabia, and North
Africa (Frasier 1986, Gideon and Enthoven 1987, Sharma 1986, Yadav
et al 1983). ' '

Micro-catchmeﬁt water harvesting is defined as the collection
of surface runéff water from séecially modified surfaces with a
flow distance of less than 100 m and storing.the water directly in
the rooctzone for crop production (Boers et al 1986, Boefs and.Ben-
Asher 1982, Obi 1982). A micro-catchment water harvesting system
consists of two basic components, the catchment area and the
infiltration or cropped area (Cluff 1989, Yadav et al 19835. The
size of a micro-catchment could be 5 m? for single tree to 1000 m?
for row cfops.

Balochistan, a Province of Pakistan, is situated between 24°
N to 32°‘N latitude and 60° E to 72° E longitude and has an arid
and semi~-arid climate (Kidd et al 1988). Farmers in the arid areas
of Balochistan have practiced rainwater collection and soil
moisturg conéervation techniques for many years. Construction of
ridges on the so0il surface (Kamra et al 1986) and diversion of

ephemeral strzam from mountains onto the cropped fields are very
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common in Balochistan. Although farmers use these rainwater
collection techniques, they often experience winter crop failure.
In winter farmers usually plant wheat on only the small portion of
their fields which may receive water from ephemeral streams. The
farmers face crop failures in five to seven years out of ten.
Even in good years (rainfall >280mm), yield expectations are only
400 kg/ha (Rees et al 1991). Winter wheat is grown as a dual
purpose crop, grain is used for human consumption and the straw is
used for animal feed (Buzdar et al 1989).

The weather system which determines the climate of Balochistan
is divided into two growing seasons Winter (Oct-May), and Summer
(June-Sept) . The average annual rainfall is 250mm with an
exceedance ‘probability of 30% (Table 1). Average precipitation
during the Winter season is 180mm with an exceedance probability
of 50% for 200mm rainfall.

TABLE 1. Seasonal Rainfall (mm) Probability Distribution at Quetta
Experimental Station. :

EXCEEDANCE PROBABILITY
90% 80% 75% 70% 60% 50% 40% 30% 20% 10%

Annual 136 162 173 183 202 221 241 264 293 336
Winter 92 123 135 146 169 191 213 244 281 337
Summer 1 4 6 8 12 16 22 29 39 56

Due to the variations in elevation from sea level to 3000m,
and the wountains, which act as barriers to movement of air,
Balochistan has great variations of temperature. Minimum
temperature is frequéntly beiow freezing from thevwmiddle of

November to the end of February (Sharma et al 1986). The
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experimental site can expect an average of 95 days below freezing
ranging from 72 days to 125 days (Kidd et al 1988).

In this high risk environment agricultural inputs are very
low. Animal traction is the main source of power but 60% of the
farmers are now using tractors for agricultural activities.
Balochistan is more than 40% of the total area of Pakistan, but the
population is less than 10% of the total for Pakistan. Most of the
lands have been unused for hundreds of years due to aridity and the
unavailability of labor. The iand use intensity is only 20%. The
principal agricultural activity in Balochistan is small ruminant
production with rangeland grazing as the main source of animal
feed. During winter there are shortages of natural grazing and

farmers use the remnants of previous grain crops. The economic

value of such remnants can equal or exceed that of the seed yield -

(Rees et al 1991).
MATERIALS AND METHOD

The experiment location and the experiment design are shown in
Figures 1 and 2, respectively. A single factor randomized complete
block design with four replications.was used. Each replication had
three treatments with catchment area to cropped are: ratios of 2:1,
(two-thirds of the area as catchment and one~third as cropped
area), 1:1, half of area as catchment and half as cropped area, and

a control (0:1), which has all of the area planted. The research

area (240m X~60m) ‘was:divided into. 12 .plots.-each:60-m long:.and 20 ..

m wide (Fig. 2). cCatchments were established with a natural slope

of 1% by clearing rocks and weeds from the soil surface (Evenari
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1968), plowing by a moldboard plow. The plowed soil surfaces were
then pulverized, smoothed, and compacted (Boers and Ben-Asher 1982,
Sharma 1986) using a heavy wooden plank mounted on the three point
hitch of a tractor. A soil crust formed on the pulverized and
compacted silty clay loam soil surface, which had a clay content of
40-50%, (Sharma 1986), after the first winter rain. Soil bunds
(raised soil dikes) were built 0.5m to 1.0m in height around every
plot (Fig. 2), to prevent the entrance of water from adjacent areas
into the éxperimental area. ‘A camel drawn plow-cum-drill which
constructs ridges cn the soil surface and at the same time places
seeds deep into moist soil was used to plant a wheat crop at a
seeding rate of 90 kg/ha in the three treatments.

Rainfall and ambient air temperature data were measured near
the experimental site (Table 2). Soil moisture data were collected
using a calibrated neutron probe. Crop yield were obtained by
harvesting 1.0m X 0.40m areas randomly in the different plots.
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FIGURE 1. Location of Trial: Site in-Balochistan ‘(Pakistan)-
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FIGURE 2. One Replicate of the Field Layout used in the study.

TABLE 2. Monthly Rainfall, Minimum and Maximum Temperatures and
Number of Days below 0° C in the three Cropping Seasons.

1986/87 1987/88 1988/89
Month Rain Min Max Days Rain Min Max Days Rain Min Max Days
mm  °C °%¢ <0°% mm °%¢ 9% <0° m o%c °% <0°
JUL 2.0 18.0 37.0 O 0.0 18.3 38.0 O 18.3 20.1 39.1 O
AUG 73.2 17.0 38.0 O 6.5 15.5 44.0 O 0.0 16.3 37.4 O
SEP 0.0 11.6 32.2 o 0.0 6.0 37.0 o© 0.0 6.0 10.4 O
ocT 0.0 -0.6 31.4 3 0.0 -3.1 32.4 4 0.0 6.4 27.7 O
Nov 6.9 -5.0 25.6 15 0.0 -5.0 25.6 15 0.0 -2.4 28.4 7
DEC 11.4 -4.0 23.0 7 50.5 -4.0 23.0 7 13.9 -3.2 20.7 7
JAN 28.2 -6.1 15.6 23 9.1 -9.0 18.9 19 88.3 =-6.1 15.5 24
FEB 64.2 -10.0 20.0 4 17.8 -7.0 25.0 10 22.4 -6.8 17.3 16
MAR 106.0 4.0 23.0 0 117.0 -0.3 26.7 1 42.2 -3.1 22.7 2
APR 11.8 7.0 33.0 O 4.3 3.9 31.5 O 8.6 3.9 31.5 O
MAY 9.4 4.4 35.5 (0] 0.0 13.1 3s.5 0] 5.8 2.6 35.9 0
JUN 28.2 12.3 38.0 O 0.0 9.0 40.6 O 1.6 16.2 36.7 O
TOT 341.3 52  205.2 56 201.1 56
RESULTS

8oil Moisture

Accumulated Soil moisture is one factor, besides crop yield
that quantifies the difference between treatments. The 1986/87
cropping season was exceptionally wet and the soil in all the
treatments had adequate moisture for germination at planting time
in October 1986 due to 73mm of rainfall that occurred in August.
The cropped area in 2:1 treatment had a 48% higher so0il moisture

content in October than did the control treatment. The higher water
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content improved the early germination of seeds in the 2:1
treatment. A total of 200mm of rainfall fell during January,
February, and HKarch in 1986/87 (Table 2) adding to the so0il
moisture storage. Due to the continuous large amounts of rain,
excess water collected at the down slope end in all the plots.
Recharge of water in April 1987 was 81% higher in the 2:1
treatment, and 62% higher in the 1:1 treatment than in the control.

The 1987/88 season had moderate rainfall with a total of
205mm. The Summer season (July-Sept) did not receive any rainfall
therefore, soil moisture sufficient for germination was not
available at the time of planting. However, a of total 194mm rain
(Table 2), occurred during December to March 1987/88, and was the
only source for soil moisture in the cropping season.

Figvre 3, shows that soil moisture increased in April and May
1988 following a 117mm rainfall (Table 3) in March. The 2:1
treatment stored 50% more water than the control, which was more
than the potential crop evapotranspiration requirement at that time
and 1:1 treatment stored 20% mofe soil moisture than the control
treatment in the middle of April 1988. Soil moisture was more than
double in 2:1 treatment and was 95% higher in the 1:1 treatment

than in the control treatment at the beginning of May 1988.
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FIGURE 3. Average Soil Moisture in Three Treatments after 117 mm of
Rainfall in March 1988 and Potential Evapotranspiration
During Same Period.
TABLE 3. Total Dry Matter TDM and grain Yield (kg/ha) During Three
Cropping Seasons 1986/87, 1987/88, and 1988/89.
Cropped Area Basis Total Land Area Basis
Treat 86/87 87/88 88/89 86/87 87/88 88/89
Total Dry Matter
Control 2093 137 588 2093 137 588
1:1 3220 348 806 1840 186 403
2:1 3035 382 1099 1301 147 366
Mean 2783 289 831 1744 157 452
s.e 616 55 104 319 - 23 37
Grain Yield
Control 562 25 196 562 25 196
1:1 962 92 223 593 48 111
2:1 926 78 317 397 30 107
Mean 817 65 245 517 35 138
S5.e 213 ;5 45 127 7 16
8



The 1988/89 season received the least rainfall (201mm) among
the three cropping seasons. Soil moisture for germination was not
available at planting time due to no rainfall in August and
September 1982 (Table 2). Soil moisture at the end of April 1989
showed 27% more soil moisture in 2:1 treatment and 14% more
moisture in 1:1 treatment than in the control from a 166mm rainfall
that occurred during December 1989 to March 1989.

Crop Yield

Crop yields (kg/ha), for the three treatments on a actual
dropped area basis and a total land area basis are summarized in
Table 3. The 1986-87 yields of total dry matter (TDM), was 45%
higher on an actual cropped area basis in the 2:1 treatment and was
54% higher in the 1:1 treatment than in the control treatment. 1In
1987/88 cropping season TDM in the 2:1 and 1:1 treatments were more
than double that in the control treatment. During 1988/89 Season,
TDM produced was 87% higher in the 2:1 and 37% higher in the 1:1
treatments than in the control treatment, for yields measured on an
actual cropped area basis.

When yields were computed on a total land area basis (yield is
divided by the cropped area plus the watershed area), the control
treatment produced 14% higher TDM than the 1:1 and 61% more than
the 2:1 treatments in 1986/87.

During the 1987/88 season, the yields of TDM and grains were

36% and 92% higher, respectively; in the 1:1 treatment than in the

control "treatament (Table 3). - -The 2:1 treatment performed better:

than the control, but TDM was conly 7% more and the grain yield was

only 20% higher than in the control. During the 1988/89 cropping
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season, the 2:1 and 1:1 treatments produced lower TDM and grains
than the control treatment when calculated on a total land area
basis (Table 3), because of the rainfall pattern and amount.

A cozparison of total dry matter (TDM), and grain produced for
the three-cropping-seasons, calculated on a cropped area basis, is
presented in Figure 4. TDM results on a cropped area basis show
60% higher yields in 2:1 treatment and 55% higher yields in 1:1
treatment than in the control treatment. Grain yields are 69%
higher in the 2:1 and 63% higher in thie 1:1 treatment than in the
control treatment.

When yields are computed on a total land area basis, the
control showed a 16% higher TDM and a 4% higher grain yield than

the 1:1 treatment.
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FIGURE 4. Comparison of the Yields of Total Dry Matter (TOM), and
Grains Averaged over the Three Cropping Seasons 198€/37,
1987/38, and 1988/89 on Cropped Area Basis.,

10

321



DISCUB8ION

The 1986/87 season was exceptional due to the 73 mm of rain
that occurred in August 1986; therefore, sufficient soil moisture
was available for germination at the normal planting time in
October 1986, which helped in early germination of seeds in all the
treatments. It appears that 300mm of annual rainfall will make the
control treatment yields (Watt 1948), equal to the micro-
catchments.

Yields were expected to be higher in the 2:1 treatment than in
the 1:1 and control treatments because of the greater ekpected
amount of runoff from the bigger catchment area (Gurmal et al
1981) . Due to the 341mm rainfall (Probability < 20%) in 1986/87,
excess water from runoff collected at the downslope end in 2:1
treatment. The ponding of water near the downslope bund destroyed
a portion of the crop in the 2:1 treatment due to waterlogging.
Yield loss due to excess water is evidenced by comparing 1986/87
yields with the results of low rainfall years of 1987/88 and
1988/89 when the crop yields were higher in the 2:1 treatment than
in other two treatments.

The 1987/88 cropping season received only 205mm rainfall which
is insufficient to grow a good wheat crop. Although yields were
higher in the catchment treatments than in the control, production
in the 1:1 treatment only recovered the seed that was used as
input. There could be two reasons for the very low crop yields
observed in the 1987/88 cropping year. First, the crop was planted

in dry soil in October 1987 because of no rainfall in summer 1987.

11
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Germination of the seeds were delayed until the end of February,
because from November to February, air temperatures (Table 2), were
not high enough to allow seed germination. Second, no rainfall
occurred in April, May, and June 1988, which affected soil moisture
storage at crop production growth stages. The crop suffered water
stress at the critical stages of crop development and seed
maturity; therefore, even though the TDM was more than 340 kg/ha in
the water harvesting treatments, the grain yield was very low.
The 1988/89 cropping period received a total of 20lmm of
rainfall, which was similar to the total rainfall in 1987/88, and
during the summer season (July-Sept) of 1988 only 18.3mm of
rainfall occurred. The crop was planted in dry soil in October as
was done in 1987/88; however, TDM yielde were three times higher in
1988/89 than in the 1987/88 in the three treatments. Higher yields
in 1988/89 than in 1987/88 resulted from two factors: first, while
both years received approximately the same total amount of
rainfall, Table 2 shows a better rainfall distribution during the
1988/89 cropping season. Rainfall started in December and every
month received some rainfall until the end of the cropping season
in June. Second, air temperatures were also higher in the
beginning of 1988/89 than in 1987/88. However, both seasons had a
total of 56 days with less than or equal to 0° C air temperature.

Table 2 shows that most of the cold days were during January and

February and that in 1988/89 these two months also received a total

110mm rainfall that was .stored in the .soil .profile, due to a low..:

evaporative demand, and which also helped in the seed development

process.
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Although, crop yield results from the micro-catchment
treatments calculated on a total land area basis (Table 3), do not
look as favorable as the control, micro-catchments may have many
advantages over the control treatment. First, risk of crop failure
is reduced by using micro-catchment water harvesting techniques
because of higher moisture storage in the soil profile. Second,
inputs for plowing, planting, seeds, fertilizer and weed control
will be required on only 50% or less of thc¢ area when using micro-
catchment water harvesting rather than cultivating the whole land
area. Because farmers can save half of their inputs by using the
micro-catchment water harvesting techniques, they can use the other
50% of their resources to bring more unused land, which usually

remains fallow, under cultivation.
Conclusion

1. During the moderate rainfall year 1987/88 when winter
rainfall was 205mm, both 1:1 and 2:1 treatments produced three
times higher TDM and grain on a cropped area basis than the control
treatment. ‘fotal dry matter (TDM) and grains on total land area
basis were 36% and 92% higher in the 1:1 and 2:1 treatments
respectively, than in the control. .

2. Over the three cropping years 1986-1989, the 1:1 treatment
produced 55% more total dry matter and 63% more grain, and the 2:1

treatment produced 60% higher TDM and 69% higher grain yield than

the control on a cropped area-basis. - ‘Yields -of--TDM and grain in.

the 1:1 treatment were 16% and 4% less respectively, than the

control when yields were computed on a total land area basis.
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3. Results for 1987/88 showed that runoff contributing area
requirements for good yields are reduced to zero for average winter
rainfalls greater than or equal to 300 mm.

4. Although the 2:1 treatment, as expeéted, stored more soil
moisture over the three years of study, the 1:1 treatment produced
34% more total dry matter and 41% more grains than the 2:1
treatment when yields were computed on a total land area basis.
Therefore, farmers who use the 1:1 treatment to grow winter wheat,
can get better yields by putting the inputs on half the land and

using the other half of the land as a water catchment area.
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Assessing the fattening potential of male Balochi and Harnai
lambs fed different protein and energy rations
under confinement

InamUl Haq, Shahid Rafique, Arshad Ali, Sohail Zia and A.S.Alvi
Arid Zone Research Institute, PARC, P.0O. Box 63,
Brewery Road, Quetta, 87300 Pakistan.

ABSTRACT

Two trials were conducted to study the fattening potential of
male Balochi and Harnai lambs. The first trial was a five week
feeding trial conducted between April and May 1993 at the Animal
Nutrition Research unit (ANRU), Arid Zone Research Institute(AZRI)
Quetta, Pakistan using sixteen male Balochi lambs 8 to 10 months of
age each weighing 18.4 to 33.2 kg. The lambs were randomly divided
into eight groups having similar live weights. Each pair was
randomly assigned to one of eight fattening pens. Two iso-caloric
rations viz., A and B were prepared. The base ration (A) contained
12 % Crudc Protein(C.P.). The basal ration was supplemented with
urea (B) to vraise the crude protein level to 17 percent. Data on
feed offered and refused was recorded daily while live weight data
were taken weekly. Mean daily gain was 189+29 and 245+29 grams by
the lambs fed on rations A and B, respectively. A non-significant
difference was observed among both the groups. Significantly more
(P<0.05) feed consumption was observed in the lambs fed on ration
B as compared to those fed on ration A. However, a Non-Significant
difference was observed in feed efficiency values of the lambs fed
on ration A and B. The results of study suggest that the Balochi
lambs 8 to 10 months of age are equally good in gaining weight when
fed on ration containing 12% or 17% Crude Protein.

The second trial involved 16 Balochi and 16 Harnai male lambs
about four to five months old at ANRU, AZRI, Quetta, Pakistan,
during September to December 1993. The lambs were divided into
eight groups in such a way that there were four lambs of a breed in
one group. These groups of lambs were assigned to eight different
lamb fattening pens randomly. The lambs were fed on two iso-
nitrogenous(CP 14%) rations A and B having 2300 and 2700 Kcal of
Metabolizable Energy per Kg(ME) respectively. The experimental
rations were also assigned randomly in such a way that there were
two pens ( 8 lambs of Harnai breed) on ration A and two pens ( 8
lambs of Harnai breed) on ration B. Similarly the two pens (8 lambs
of Balochi breed) were assigned to ration A and two pens (8 lambs
of Balochi breed) to ration B. Data on feed offered and feed
refused was collected on daily basis. While data on live body
weights were collected on weekly basis. The trial continued for a
period of twelve weeks. Significant difference in overall average
daily weight gain was observed. The lambs fed on ration B gained
significantly more weight than those fed on ration A. Daily weight
gain values for the Balochi and Harnai lambs fed on rations A and
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B were 172+12 and 127#12 grams respectively. Balochi lambs gained
significantly ( p< 0.05 ) more weight as compared to Harnai lambs.
Balochi lambs consumed significantly ( p< 0.10 ) more feed as
compared to Harnai lambs. Significantly more feed was consumed by
the lambs fed on ration A than the lambs fed on ration B. The
results of the study indicated that the Balochi lambs performed
bet.ter in terms of weight gain than the Harnai lambs. Moreover the
lambs fed on high energy ration A(2700 Kcal/Kg of ME) gained more
weight as compared to the lambs fed on low energy ration B(2300
Kcal/Kg of ME).

INTRODUCTION

The Balochistan province has unique importance in the arid and
semi-arid regions of Pakistan. Ninety-three percent out of 34.7
million ha, is considered rangeland, and 60 percent of this
rangeland i.e., 21 m ha is used for grazing (FAO, 1983). About
11.7 of the 20.9 million ha of rangeland is classified as poor and
provides only 30-50 kg/ha of dry matter per year while the better
quality rangelands (2.9 million ha) provide 250-280 kg/DM/ha per
Yyear (FAO, 1983). The existing rangelands are being depleted
rapidly due to the degradation of vegetation cover, soil erosion
and cutting of woody vegetation for fuel wood. The native range
plants usually have a short growing season and their nutritive
quality deteriorates quickly with advancing stage of maturity.
Frotein, energy and mineral deficiencies during the greater part of
the year have been found to be the limiting factor affecting animal
production in this region.

The main occupation of the people of Balochistan is raising
animals specifically the small ruminants including sheep and goats.
These animals are grazed over large areas of the region principally
by nomads, who frequently move to take advantage of ephemeral
sources of water and vegetation. This type of management makes it
difficult to collect accurate data and consolidate information
about the potential productivity of the animal resource. The small
ruminant population of the province is estimated to be 11.1 and 7.3
million head of sheep and goats, respectively (GOP, 1986). Larger
ruminants including cattle and camels are estimated to be 1.16 and
0.35 million head, respectively (GOP 1986). The livestock sector
has been estimated to contribute 25 percent to the Gross
Agricultural Production of Balochistan (FAO, 1983: GOB, 1989 ).

The sheep and goat population of Balochistan has increased
rapidly during the past 30 years from 1.9 million head in 1955 to
18.4 million head in 1986 (Masood et al., 1988), However, most of
these small ruminants are underfed and have poor health due to the
rapid increase in animal population and decrease in output from the
ranges. Animal production is subject to great fluctuations, because
of the nomadic system of management that predominates in the region
which is not based on intensive forage production and the
production of feed reserves. The foraging animals basically depend
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upon poorly managed rangelands and sparsely available crop
residues. This poor underlying nutrition makes it extremely
difficult to carry animals through critical periods even without
expecting increased productivity per animal.

Being able to wean lambs at 3-4 months of age and fatten them
using intensive feedlot techniques has the potential of not only
relieving grazing pressure on some of the most degraded ranges
during one of the most critical periods of the year but also
reducing the nutrient needs of the dam for milk production. The
weaned lambs could be either fattened by farmers themselves, or
sent to commercial feedlots at other locations. In a similar study
it was found that the feed cost and amount of TDN requirement per
unit edible meat production increased gradually as the fattening
period increased beyond 60 days and fattening after 120 days seemed
to be un-economical(Khan and Pasha 1990). The present study was
therefore conducted to asses the fattening potential of Balochi and
Harnai lambs under intensive feed lot conditions.

MATERIALS AND METHODS
TRIAL I

Assessing the fattening potential of male Balochi lambs fed
12 and 17 percent protein rations.

A five week feeding trial was conducted between April and May
1993 at the ANRU, AZRI, Quetta, Pakistan using sixteen balochi
lambs born under free-ranging conditions 8 to 10 months of age each
and weighing 18.4 to 33.2 kg. The lambs were randomly divided into
eight groups in such a way that two lambs having similar live
weights were put in one group. Each pair was randomly assigned to
one of eight fattening pens. The eight lamb fattening pens( 1.5m x
2.4m ) Were constructed adjacent to each other using welded net
wire fabric panels such that line of sight was open among all eight
pens. The feeding pens were located inside a well ventilated
masonry building.

Necessary cleaning and disinfection of all the experimental
pens was done before the start of trial with lime and BHC (Benzene
Hexa Chloride). Drenching of all the experimental lambs was done at
the start of experiment with Systamex for the control of internal
parasites. lambs were put in to the fattening pens 12 days before
the feeding trial began and shifted slowly from routine feed to the
experimental rations A and B so the lambs could adopt to the
confinement and experimental rations.

Two experimental rations having similar ME values but
differing in CP levels were fed at 08.00 hrs., daily. Two lambs in
a pen were fed ad libitum on the experimental rations together to
serve as one experimental unit. Quantity of feed offered was
assessed from the previous day refusal. About 10% additional
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quantity of feed was added more to the previous day feed
consumption. Four randomly selected pens served as a control and
received the basal ration un supplemented with urea (A); it
contained 12 % CP. Urea was added to increase the crude protein
level of the basal ration to 17 percent in the supplemented group
B (Table 2). The rations were composed of Barley, Peaseeds, Cotton
seed cake, Rice polishings (comes of the rice as a result of it
being polished), Sorghum, Wheat bran, Molasses and Vitamin mineral
premix. The daily feed refused was collected separately before
offering the fresh feed. The feed that was not eaten was discarded
and never reintroduced at the next feeding. Water was available ad
libitum. Daily record of feed offered and refused was recorded to
the nearest 0.2 g. The lambs were weighed weekly on thursday in ths:
morning before feeding and watering. The study began on 29.04 93
And continued uninterrupted for five weeks.

Representative samples of the feed ingredients were collected
and analysed ( Table 1 ) according to the methods ahd procedures
described by AOAC(1975). The data were analyzed using analysis of
variance technique in a Randomized complete Block design according
to the methods and procedures described by Steel and Torrie (1980)
using the statistical package PCSAS (SAS, 1985).

TRIAL II

Assessing the fattening potential of male Balochi and Harnai
and Harnai lambs fed different levels of energy rations under
confinement.

This trial was conducted on 16 Balochi and 16 Harnai lambs 4
to 5 months old at ANRU, AZRI, Quetta Pakistan during September-
November 1993. Experimental lambs used in the study were having
body weights ranging from 11.6 Kg to 17.0 Kg in case of Harnai and
15.2 to 18.8 Kg in case of Balochi breed. Lambs of each breed were
divided randomly into four groups having four lambs in each
group.The eight groups of lambs were put. randomly into eight lamb
fattening pens (1.5 m x 2.4 m) in such a way that there were four
pens of each breed. Experimental pens were randomly assigned to the
eight different groups of lambs.

Necessary cleaning and disinfection of all the experimental
pens was done with lime and BHC (Benzine Hexa Chloride) before the
start of trial. Drenching of all the experimental lambs was done
with Systamex for the control of internal parasites at the
beginning of the trial. All the lambs were put in the lamb
fattening pens 20 days prior to the start the of actual
experimental period so that the lambs may get adjusted to the
experimental pens and rations. Two iso notrogenous (CP 14%)
experimental rations having 2300 and 2700 Kcal ME were prepared
manually. The composition of the experimental rations is given in
table 5. The two experimental rations were randomly assigned to the
different groups of lambs in such a way that there were four pens
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(Two pens with Balochi and two pens with Harnai lambs) on each
ration.

Feed was offered ad libitum at 08.00 hrs daily. Wacer was made
available round the clock. Daily record of feed offered and refused
was maintained. The daily feed refused was collected separately and
reintroduced in the feed offered. All the lambs were weighed weekly
in the morning before feeding . Daily record of minimum and maximum
temperature in the experimental shed was maintained with the help
of thermometer.The study continued for a period of twelve weeks.
The data collected during the study was compiled and analyzed
statistically as Completely Randomized Design according to the
methods and procedures as described by Steel and Torrie, 1980 and
using the statistical package PCSAS (SAS, 1985).

RESULTS AND DISCUSSION
Trial I

Maximum daily weight gain was recorded during the 2nd week for
the group fed on ration A (Fig. 1). While the maximum weekly and
daily weight gain values for the group fed ration B were recorded
during the 4th week (table 3). One explanation for this difference
could be that the lambs were grown enough at the initiation of the
experiment and after making the compensatory growth reached maximum
at 2nd and 4th week of the experiment period. The lambs showed a
slight decline in the weight gain afterwards. However, there was a
non-significant difference in the weight gain of lambs fed on
ration A and B during different weeks except at 4th week of the
experimental period. But overall difference in weight gain of lambs
on high and low protein rations was found to be non-significant.
Indicating thereby that there is no need to feed Balochi male lambs
on high protein rations at the age of 8 to 10 months.

Mean live weights across the four pens within a treatment
varied 33.2 and 20.2 Kg; 32.0 and 18.4 kg for treatments A and B,
respectively. Therefore, cach treatment was evaluated as a high
(average initial body weight 30.6 Kg) and low (average initial body
weight 23.5 Kg) body weight subgroups. The data for the lambs fed
according to different body weights are presented in table 4. The
data indicates that the daily live weight gain was better in the
lower body weight group than the lambs in the higher body weight
group at 3rd week of the experimental period. However, there was a
non-significant difference in the overall weight gain values of
both the groups. It indicates that the male Balochi lambs of 8 to
10 months of age but of different body weights gain almost the same
daily weight.

The data indicated that Balochi male lambs fed on ration
containing 17 % CP (B) gained almost the same weight when compared
to the lambs fed on ration A containing 12 % CP. These data agree
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with the studies conducted by Spelman and Collions (1964). They
reported some sheep breeds can gain nearly one pound per day, while
others only gain 1/3 of a pound daily. Similar conclusions have
been reported by Khalil and Magsood (1987). These researchers
conducted a trial on young Afghan male and female sheep having mean
daily live weight gains of 239 and 209 g, respectively.

The mean daily feed consumption values for the lambs fed on
rations A and B are presented in table 3. The data indicates that
lambs fed on ration B consumed more feed as compared to the lambs
fed on ration A. Feed consumption by the lambs fed on ration A was
maximum during 2nd week and minimum during 5th week of the
experiment. The maximum feed consumption for the lambs fed on
ration B was during 4th week while the minium values for feed
consumption were recorded to be during 1st wecek of the experimental
period. The overall mean weekly feed consumption values for Balochi
lambs fed on rations A and B indicated that lambs fed on ration B
containing 17 % CP consumed significantly more feed than the lambs
fed on ration A. The lambs in the higher body weight group consumed
significantly (P< 0.01) more feed as compared to lower body weight
group. The mean daily feed consumption was highest during 4th week
and minimum during the 5th by the higher body weight (Bl) group
(table 4). Highest mean daily feed consumption was observed at 3rd
week by the lower body weight group (B2). Minimum feed consumption
values were observed at 1st week. Statistical analysis of the data
revealed significant difference in overall daily feed consumption
by the lambs in high and low body weight groups. The increase in
feed consumption by the lambs fed on ration B may be due to
addition of urea and increased level of CP. The results of the
study are in agreement with those reported by Behrane et al.
(1982). These workers reported daily feed intake of 1.67 kg/head in
growing lambs. The feed consumption values are also similar to
those reported by Khalil and Manzoor (1987). They found that the
mean feed consumption/head/day was 1.73 kg in Lohi and 1.54 kg in
Sipli males. While the values are lower than those reported by
Khalil and Magsood (1987) . They found that the mean concentrate
ration consumption/head/day was 2.19 and 2.48 Kg in Afghan male and
female young sheep, respectively. The higher values reported may be
due to the different composition of rations and breeds involved in
the study.

A non-significant difference was observed in the feed
efficiency values of the lambs fed on rations A and B except during
4th week of the experiment (table 3). Significant difference in the
feed efficiency was observed between the lower and higher body
weight groups during 3rd and 4th week of experiment. However there
was an overall noan-significant difference in the feed efficiency
between both the body weight groups. Non~Significant difference was
also observed in the overall feed efficiency values of the lambs
having low and high body weights (Table 4).

Economics of the lamb fattening trial mainly depends on feed
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cost. hut it is also influenced by weight of lambs, method of
feeding, length of feeding period, rate of gain, kind of lambs and
kind and price of feed ingredients. The economics of these trial
can not be worked out directly, because the study was conducted for
a research trial under controlled conditions. According to the
cost-benefit estimates presented in table 8, the profit of Rs.
11.94 and Rs. 12.19 per day was estimated on each animal fed on
ration A and B respectively.

TRIAL II

The twelve weeks experimental period was divided into three
different periods viz., Period I (01-28 days), Period II (29-56
days) ard Period III (57-84 days) for the sake of analysis and
interpretation of research results. The maximum and minimum
temperatures recorded during differents periods were 31, 16; 26, 10
and 23, 8 C for the periods I, II and III respectively.

Lambs fed on both the rations gained comparatively more weight
during the first 28 days of the experimental period as compared to
the rest of the periods (table 6). Rate of increase in body weight
of lambs kept on decreasing during rest of the periods (fig.2).
Possible reason may be that lambs used in the study were being
raised under range conditions and not receiving any supplement feed
to fulfi their body requirements for optimum growth before the
start of =-rial. When these lambs were put on experimental rations
and allcred to consume rations ad libitum, they made the
compensatory growth and attained the maximum growth rate during
initial period. Since the lambs were well fed during initial period
of study, could not gain as much body weight during rest of the
experimental period. Significantly better (P« 0.05) weight gain
(167.3+12.00 g) was observed in the lambs fed on high energy ration
(2700 Kcal) as compared to the lambs fed on ration B (131.3+12.0
g). Lambs gained more weight on ration B due to the higher energy
content of the feed as compared to feed A. Significant difference
in the weight gain of Balochi and Harnai breed was observed (table
7). Balochi lambs gained significantly (P< 0.05 ) more weight
(171.6%12.0 g) as compared to Harnai lambs (127.4%12.0 g). It
indicates that male lambs of Balochi breed has better potential for
weight gain as compared to Harnai lambs.

It can be concluded from the above uvbservations that lambs fed
or ration B gained significantly more weight than the lambs fed on
ration A. It can also be concluded from the above studies that
Balochi male lambs of 4 to 5 months age gained more weight as
compared to Harnai male lambs.

The weight gain values recorded in the study were similar to
the values recorded by Jankowski et al., 1985. They reported daily
weight gain values of 160 grams for the lambs fattened in
industrial lamb fattening units when fed ad libitum with all mash
concentrate. The results of the study were also in accordance with
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those reported by Daniel, P., (1986). He observed highest daily
live weight gain in lambs as 204 grams per day in 1983 and 147
grams per day in 1984, fed on silage mixtures. The weiyht gain
vaiues are also in accordance with those recorded by Urbaniak, M.,
et al., (1991). They reported body weight gain of 152 to 168 grams
per day in the crossbred lambs fed on iso-nitrogenous and iso-
energetic diets. The body weight gain values recorded in the study
were higher than the values recorded by Pojan et al., (1990). They
observed daily weight gain values of 73.13, 111.52 and 131.15 grams
per day in the lambs fed on rations containing 85 percent Cassava
chips at 200, 400 and 600 grams per day respectively. The daily
weight gain values were also higher than those reported by Jia et
al (1990). They recorded daily weight gain values of -15, 20, 78
and 88 grams per day in the lambs given concentrate at the rate of
0, 0.2, 0.4 or 0.6 Kg per head daily. The higher weight gain values
recorded in the study than recorded by the above researchers may be
due to the differences in rations fed and the experimental
conlitions. However the daily weight gain values recorded ian this
study were lower than those recorded by Webster and Povey (1990).
They observed a growth rate of 350 to 400 grams per head per day in
the lambs fed intensively on cereal based diets. The reasons of
higher values recorded in the above referred study may be due to
the difference in the wuse of experimental rations and the
experimental conditions.

The feed utilized by the lambs fed on rations A and B during
different periods of the trial are presented in table 6. Maximum
amount of both the rations was consumed during 29 to 56 days of the
experiment. While a decline in feed consumption was observed in the
following period. One of the reasons for lower feed consumption in
the last period of the study may be sudden drop in environmental
temperature. The maximum and minimum temperature recorded during
the last w2ek of the experimental period was 20 and 4 ¢
respectively. Significantly ( pP< 0.10 ) more feed was consumed by
the lambs fed on feed A ( 1071.3+17.7 g ) than the lambs fed on
ration B ( 1057.7+#17.7 g ). One of the reasons for more consumption
of feed A may be the lower energy content of the feed. Feed
consumed by Balochi and Harnai lambs fed on different rations is
presented in table 7. The data indicated significant difference in
the feed consumed by both the breeds. Balochi lambs consumed
significantly ( p< 0.10 ) more feed ( 1214.7+17.7 g ) than the
Harnai lambs ( 1016.4+17.7 g ). More utilization of feed by the
Balochi lambs resulted in better weight gain as explained earlier.

It can be concluded from the above results that the lower
energy ration was consumed more by the lambs as compared to high
energy ration. Male Balochi lambs consumed more feed as compared to
male Harnai lambs of 4 to 5 months of age under confinement.

The average feed consumption values recorded in the study were
in accordance with the values reported by Khan and Pasha (19%0).
They observed_average daily feed consumption in thalli lambs from
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1.16 to 1.57 Kg up to 60 days of fattening. The average feed
consumption recorded in the study was however lower than those
reported by Burgkart, et al. (1988). They observed the average
daily intake of 1.56, 1.12, 1.54 and 2.75 Kg per animal for the
lambs fed with four maize products. The feed consumption values
were also lower than those observed by Khalil and Magsood (1987) in
Afghan lambs. The higher feed consumption values recorded by some
of the researclers as compared to the feed consumed by the lambs in
this study may be due to the differences in the composition of
experimental rations, experimental conditions and breed of the
experimental lambs.

Since it was a research trial conducted under different
controlled conditions, economics of the trial can not be worked out
directly. Eccnomics based on the partial budget analysis is
presented in cable 9. The daily profit on each of Balochi and
Harnai male lamb was found to Rs. 3.7 and Rs. 1.50 respective.y.

MANAGEMENT IMPLICATIONS

Male lambs of Balochi breed, 8 to 10 months of age with body
weight below 23.5 Kg may be preferred for intensive fattening and
may be fed on rations containing 12% Crude Protein.

Male lambs of Balochi and Harnai breeds, 4 to 5 months old may
be fed on high energy rations (2700 Kcal) for better gains.

Whenever there is a choice between Balochi and Harnai Breeds,
Balochi male lambs may be preferred for rearing under intensive
feedlot for better body weight gain.
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TAEBLE 1
Composition of the feed ingredients used in the experimental
rations.

NAME OF THE FEED D.M.13 C.P.b C.F.C T.D.N.d
INGREDIENTS (%) (%) (%) (%)
Barley grains 89.0 11.0 2.0 80.0
Cotton seed cake 88.0 23.0 11.0 70.0
Pea seeds 90.0 21.0 6.0 77.0
Rice polishings 90.0 11.2 21.10 80.0
Sorghum grains 89.0 12.0 2.0 78.0
Wheat bran 89.0 12.0 11.0 70.0
Wheat straw 90.0 .0 41.1 44.0
Molasses 78.0 .0 0 70.0
Urea 98.0 287.5 0.0 0.0

a Dry Matter

b Crude Protein

c Crude Fiber

d Total Digestible Nutrients
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TABLE 2
Composition of the two experimental rations fed to the Balochi

lambs.

INGREDIENTS RATIONS

A B

___________________ - S
Barley 25.00 25.00
Cotton seed cake 06.00 21.50
Pea seeds 05.00 06.00
Rice polishings 21.50 13.00
Sorghum 15.00 15.00
Wheat bran 22.00 13.00
Molasses 05.00 05.00
Ureal 00.00 01.00
Premix 00.50 00.50
Crude protein 12.00 17.00
Metabolizable energy 2600 2600
(K cal)

. Urea was
added to the basal ratlon to 1ncrease the CP TO 17% in ration

(B).
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TABLE 3
Average daily gain, feed intake and feed efficiency of Balochi

lambs fed on rations A and B.

Treatments
PARTICULARS RATION RATION S.E. S.E.M.3
A B

Average daily gain (g/d)
Week 1 (01-07 4) 171.4 282.1 b 49.40
Week II (08-14 d) 289.3 253.6 N.S 25.20
Week III(15-21 4) 139.3 185.7 N.S 31.30
Week IV (22-28 4) 192.9 357.1 d 28.1
Week V (29-35 4) 153.6 146.4 N. 73.4
Overall (01-35 4) 189.3 245.0 N. 28.70

Average daily feed

consumption (g/d)
Week I (01-07 4) 1421.1 1672.1 b 109.80
Week II (08-14 q) 1535.0 1721.2 b 84.90
Week III (15-21 4) 1531.4 1700.0 N.S 98.30
Week IV (22-28 4) 1411.2 1860.7 d 59.70
Week V (29-35 4) 1330.0 1738.9 c 103.10
Overall (01-35 4) 1445.7 1738.6 c 80.40

Feed -fficiency (g/g)
Week I (01-07 d) 12.2 6.2 N. 4.53
Week II (08-14 4) 5.5 6.8 N. 0.81
Week III(15-21 d) 12.1 11.0 N. 3.25
Week IV (22-28 q) 8.3 5.4 d 0.52
Week V (29-35 4) 18.0 15.6 N. 13.00
Overall (01-84 4) 7.9 7.2 N. 1.39

a Standard Error of the Mean

b Significantly Different (P<0.10)

c Significantly Different (P<0.05)

d Significantly Different (P<0.01)

N.S. Non-Significant

S.E. Statistical Effects
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TABLE 4
Mean daily gain, feed intake and feed efficiency of
light(Mean 1live weight (B2)=23.5 Kg) and Heavy (Mean 1live
weight(B1)=30.6 Kg) Balochi male lambs fed on two different rations

for five weeks.

Body Weight Groups

PARTICULARS Bl B2 S.E. S.E.M.

Average daily gain (g/d)
Week 1 (01-07 4) 214.3 239.3 N. 49.40
Week II (08-14 4) 275.0 267.9 N. 25.20
Week III(15-21 d) 128.6 196.4 b 31.30
Week IV (22-28 4) 360.7 189.3 d 28.1
Week V (29-35 d) 135.7 164.3 N. 73.4
Overall (01-35 d) 222.9 211.4 N. 28.70

Average daily feed
consumption (g/d)

Week I (01-07 4) 1754.3 1338.9 c 109.80
Week II (08-14 4) 1833.2 1423.0 d 84.90
Week III(15-21 4) 1796.4 1435.0 c 98.30
Week IV (22-28 d) 1860.4 1411.5 d 59.70
Week V. (29-35 4d) 1679.6 1389.3 c 103.10
Overall (01-35 d) 1784.8 1399.5 d 80.40

Feed efficiency (g/g)
Week I (01-07 4) 12.6 5.8 N. 4.53
Week II (08-14 d) 6.7 5.6 N. 0.81
Week III(15-21 d) 15.2 8.0 b 3.25
Week IV (22-28 d) 5.4 8.3 d 0.52
Week V (29-35 4) 21.6 12.1 N. 13.00
Overall (01-84 d) 8.4 6.7 N. 1.39

a Standard Error of the Mean

b Significantly Different at P<0.10

c Significantly Different at P<0.05

d Significantly Different at P<0.01

N.S. Non-Significant

S.E. Statistical Effects
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ggﬁggsgtion of experimental rations fed to the Balochi and Harnai
male lambs
INGREDIENTS RATION RATION
A --- B
(8)---
Barley 16.00 37.50
Cotton seed cake 06.00 20.00
Pea seeds 12.00 03.00
Rice polishing 06.00 15.00
Sorghum 25.00 01.00
Wheat bran 15.00 01.00
Molasses 03.00 15.50
Wheat straw 14.00 04.00
Urea 01.00 01.00
Di Calcium Phosphate 01.50 01.50
Premix 00.50 00.50
COMPOSITION
Crude protein 14.00 14.00
Metabolizable energy 2300 2700

(K.cal)

UL



TABLE 6
Average daily gain and Feed intake of experimental lambs fed on

rations A and B.

17

Treatments
PARTICULARS RATION RATION S. S.E.M.12
A B
Average daily gain (g/d)
Period 1 (01-28 4) 226.3 218.7 N. 12.20
Period II (29-56 Q) 146.4 203.6 b 232.20
Period III(57-84 4) 21.0 28.4 N. 31.80
Overall (01-84 4) 131.2 167.2 c 12.00
Average daily feed
consumption (g/d)
Period I (01-28 4) 1068.7 1045.0 N. 46.00
Period II (29-56 d) 1078.7 1278.1 N. 58.30
Period III(57-84 4) 966.6 1056.0 b 75.40
Overall (01-84 4d) 1071.3 1059.7 b 17.70
Standard Error of the Mean

nZaoaoe

.S.
.E'

Significantly Different at P<0.10
Significantly Different at P<0.05

Non-Significant
Statistical Effects
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Average daily gain and Feed intake of Balochi and Harnai lambs fed
on two different rations

Breeds
PARTICULARS BALOCHI HARNAI S. .E.M.2
Average daily gain (g/d)
Period 1 (01-28 4) 260.3 184.8 b 12.20
Period II (29-56 d) 194.2 155.8 N. 23.20
Period III(57-84 4) 60.3 41.5 N. 31.80
Overall (01-84 4) 171.6 127.4 ¢ 12.00
Average daily feed
consumption (g/d)
Period I (01-28 d) 1164.2 949.4 b 46.00
Period II (29-56 d) 1347.1 1109.7 c 58.30
Period III(57-84 4d) 1132.6 990.0 N. 75.40
Overall (01-84 4) 1214.6 1016.4 b 17.70
Standard Error of the Mean
Significantly Different at P<0.10
Significantly Different at P<0.05

nzZaoaooe

.S. Non~-Significant
.E. Statistical Effects
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Table 8
Cost-Benefit estimates of the 16 lambs fed on rations A (12% CP)
and B (17% CP) for five weeks under feedlot fattening conditions.

A.Expenditures Ration A Ration B
{Rs.)
Animal cost (400/Animal) 3200.00 3200.00
Feed cost 3.95 & 4.36/Kg 1603.70 2124.20
labour cost 1000/Month 1000.00 1000.00
Medicines 250.00 250.00
Miscelaneous 100.00 100.00
Total A 6153.70 6674.20
B. Income
(Rs.)
Animal sale 35/Kg Live Wt. 9415.00 10003.0
Manure sale 0.25/d/animal 84.00 84.00
Total B 9499.00 10083.00
C. Net Income (B-A) 3345.3 3412.8
D. Profit Daily/Animal 11.94 ‘ | 12.19

1 US§ =Rs. 30.00
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Table 9
Cost-Benfit estimates of the 16 Balochi and 16 Harnai male lambs

fed on rations for 12 weeks under feedlot fattening conditions.

A.Expenditures Balochi Harnai
{Rs.)
Animal cost (200/Animal) 3200.00 3200.00
Feed cost 4.30/Kg 6935.04 6703.87
labour cost 1000/Month 3000.00 3000.00
Medicines 200.00 200.00
Miscelaneous 100.00 100.00
Total A 13435.04 13203.87
B. Income
{Rs.)
Animal sale 35/Kg Live Wt. 18067.00 14903.0
Manure sale 0.25/d/animal 336.00 336.00
Total B 18403.00 15239.00
C. Net Income (B-A) 4967.96 2035.13
D. Profit Daily/Animal 3.70 1.51

1 US§ =Rs. 30.00
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REDUCING WATER SEEPAGE FROM EARTHENM PONDS

Shahid Ahmad’, M. Aslam™ and M. Shafiq’

Water Resources Research Institute, National Agricultural Research Centre,
Islamabad, Pakistan,

ABSTRACT

Small earthen reservoirs have proved a promising answer to the problem of storing
water on arid-land farms. However, these little ponds or tanks can lose very large amounts
of water through seepage. To reduce such losses is a vital need. In the present experiments,
chemical, physical, and biological methods for reducing szcepage were evaluated in small
ponds created in a permeable, calcareous, silt-loam soil. The clicmical method involved
treating the top 10 cm of soil with sodium carbonate (Na,COy). The physical method
involved compacting the soil. And the biological method (the so-called "bio-plastic
sandwich") consisted of successive layers of soil, manure, vegetative material and soil. The
chemical treatment proved less efficient than the other two, Compared to the untreated soil,
the physical and biological methiods reduced ihe mean cumulative seepage rates (measured
350 days after the initial wetting) by 72 percent and 67 percent, respectively. Both of these

treatments seem to be cost-effective and l:eady to be applied to the farm ponds of l’akiSfan.
KEYWORDS: Pakistan, water harvesting, arid lands, Sccpage control, bio-plastic
INTRODUCTION

In the drylands that constitute 75 percent of Pakistan, the efticient collection and

storage of water is critical. With increasing pressures on the lands, the capture of more

rainfall and the efficient storage and use of that water is even becoming a national
necessity.
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In most of Pakistan farmers depend entirely on rainfall. They also depend on storing
water because the rains are far from uniform from month to month (not to mention from
year to year). About 60 percent of the rain falls during the July through Septemher
monsoon, the rest during February and March (for details, see Siddigi, 1992). This means
that the water collected from the last rains of each wet period must be conserved for about
3 months. It is especially important to keep water on hand to cover the months of April,
May and June.

Previous work has indicated that the traditional small carthen pond is a good mcthod
for storing incident rainfall. Moreover, the potential for greater use of these so-called
“tanks" is high (Ahmad et al., 1984). There are, however, two big problems. For onc
thing, these small farm ponds are normally shallow and this means that their high surface
area (in relation to their volume) fosters excessive evaporation. More importantly, however,
they are usually constructed in soils that are permeable and not conducive to holding water
for months at a time. The dual losses of evaporation from the top and seepage from the
bottom and sides is a main reason why the ponds often go dry just at the time when water
is most needed to keep crops and livestock alive. This forces people to migrate out of the
rural areas, causing vast dislocations to themselves and to (he country (Ahmad, 1993).

Seepage is especially high in calcarcous soils, which are common throughout
Pakistan. The calcium in these soils reacts with clay in a way that causes the clay to shrink,
thereby opening up pores through which water can readily drain away (National Academy
of Sciences, 1974). Variohs ways to reduce this have been tried. These can be classified

roughly into chemical, physical and biological approaches.

Chemical

If the clays are of an appropriate type, certain sodium salts can reduce secpage in
earthen ponds (Decker, 1963). Sodium ions cause clay particles to swell (floculate) rather
than shrink, and they thereby reduce or plug water-conducting pores in the soil. Reginato
et al. (1973) determined the type and amount of sodium salt most suitable. In their ficld
experiments they tested sodium chloride, tetra-sodium pyrophosphate, sodium
hexametaphosphate and sodium carbonate. Sodium carbonate performed the best, hoth for

reducing initial seepage and for subsequently maintaining low secpage rates.

May 21, 1994 2
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Narayana and Kamra (1980) recommended that seepage losses be reduced by mixing
sodium carbonate with locally available soil (1 percent by weight) and applying the mixture
by sedimentation (i.ec. letting it settle out through the water column). They recornmended
applying 750 kg of sodium carbonate per hectare. These authors found that samples of
sodic soils, which are naturally high in sodium salts, will also do the Job. Although sodic
soils are only too plentiful in Pakistan, transportation costs are obviously a limiting factor.

Narayana and Kamra found that it took 75 tonnes of sodic soil to treat one hectare.

Physical

The soil in ponds can be physically compacted. This is done with either manual- or
tractor-mounted compactors. Sometimes merely walking cattle or buffaloes over the area
will help. The amount of compaction achieved depends on the load applied (Rasmursen,
1985) and the dampness of the soil (Hillel, 1932). The soil’s physical and chemical
properties are also important (Hillel, 1982; Soomro et al., 1983). The level of compaction

can be assessed by measuring the soil’s bulk density (Cassel, 1982; Canarache et al., 1984).

Biological

For at least 20 years there have been indications that layers of organic materials that
are rich in colloids (mucilaginous compounds that swell in water) can reduce percolation
losses (National Academy of Sciences, 19'}4). One form of this is the so-called "bio-plastic,"
a sandwich made up of successive layers of soil, manure (from pigs, cattle or other
livestock), vegetative materials and soil. This creates an underground barrier to seepage.
Kale et al. (1986) obtained a seepage reduction of approxirﬁately 9 percent by using a
mixture of cow dung, paddy husk and soil.

METHODS AND MATERIALS

The objective of this study was to evaluate the effectiveness and economics of various
chemical, physical and biological treatments to reduce seepage losses from small earthen

ponds constructed in the calcareous soils of Islamabad, Pakistan.
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Site Preparation

Sixteen ponds were constructed at the Field Station of the Water Resources Research
Institute, Naticnal Agricultural Research Centre, Islamabad. The control and the three
treatments: sodium carbonate, mechanical compaction and bio-plastic were laid out in a
randomized complete block design, each with four replications..The ponds were established
in a silt loam, having a 17% clay content. Its physical and chemical chéracteristics are
given in Table 1.

Eacﬁ pond had a volume of 1.6 m® and was surrounded with a wall constructed of
bricks and plastered with cement mortar to prevent latcra! seepage. The walls were 1.6 m
high but extended only 30 cm into the soil therefore, lateral water movement below each
treatment was neither controlled nor accounted for. A water-depth of 1 m was held
throughout the study period by adjusting the level in each pond daily. About 30 cm of
unfilled capacity was always maintained to provide for any rainfall. A small earthen
channel around the ponds was filled with a consiant head of water to reduce any influence
from the surroundings (the so-called "oasis" effect).

The cocfficient of variation was calculated at specific intervals to determine

variability among the replicates.

Treatments

The following methods were employed for each of the three approaches.

Chemical. Commercial grade sodium carbonate was applied at a rate of 2.5 tonne per

hectare to the soil in four ponds. This amounted to 250 g per pond and it was thoroughly

May 21, 1994
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mixed into the top 10 cm of the soil. This layer was then saturated with water for 24 hours
s as to let the sodium ions and soil particles equilibrate before the pond was filled. The

sodium application rate was determined using the following formula (Reginato ct al., 1973):

Na,CO; = 0.00771 DA (0.15 CEC - ES)

where

Na,CO; = Sodium carbonate, kg

D = depth of soil to be treated, cm

A = area to be treated, m?

CEC = cation exchange capacity, cmol/kg
ES = exchangeable sodium, cmol(+)/kg.

Physical. The bottoms and sides of four ponds were soaked with water until their moisture
contents were close to ficld capacity. Each was then compacted using a manual compactor
of 10 kg, weight. Using a core sampler, the soil density was measured to a depth of 10 cm.
The mean bulk density prior to compaction was 1.49 g cm?; the mean bulk density after

compaction was 1.79 g cm™.

Biological. To construct a bio-plastic sandwich, a layer of cow-dung 7 cm decp was placed
on the bottom of the four remaining ponds. This was then covered with a layer of paper-
mulberry leaves and clippings from local grass species. This in turn was covered with 10
cm of soil, which was subsequently compacted to a density of 1.49 g cm? (its original

density, see above).

May 21, 1994 5
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Data Collection

The daily losses from each pond were measured using two independent methods. In
the first method, the volume of water needed to restore the 1-m head was recorded using
a meter capable of measuring the amount delivered with an accuracy of + 0.00005 m*. In
the second method, the depth of each pond was checked with a J Hook measuring gauge
having an accuracy of + 1 mm. The levels were recorded each morning, before and after
filling each of the ponds.

The evaporation rates at the site were determined daily, using US standard screened
pans. This so-called "pan cvaporation" was taken to equal the evaporation from cach pond.
It ranged between 1.5 and 9.5 mm d, The day’s evaporation figure was then subtracted
from the amount of water-loss measured in each pond. In tlliS way, the amount of water
lost from cach of the 16 ponds by secpage alone was arrived at,

Measurements were begun in the second week of February, 1993. However, after
10 days one of the ponds that had been given the compaction treatment showed a
suspiciously high (an¢ increasing) rate of water loss, and it was found that rats had
tunneled into it. This requ ‘red rehabilitation, which took 6'0 days. For consistency, all the
ponds were dried down during that period. They were then all refilled together.

As a result of this mishap, actual data collection began 70 days zifter the initial
wetting. To overcome the variability in daily Seepage rates, the mean cumulative secpage

rates since initial wetting were compared.

May 21, 1994 6
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RESULTS AND DISCUSSION
The experiments are still ongoing, but at the end of one year, the following results

can be reported.

Seepage Rate

The mean daily seepage rates for the control and each of the three treatments are
compared in Table 2. The rates showed a large reduction 70 to 120 days after the initial
wetting. During this early period, the control showed a decrease in scepage rate of 20
percent, presumably due to natural swelling of the soil particles. The chemical treatment
almost doubled the decrease, to 38 percent. However, the compaction and bio-plastic
treatments eachh decreased seepage to almost 50 percent. After 120 days, the mean
cumulative seepage rates for the chemical and physical treatments continued to decline
slightly, whereas the rates for both the control and bio-plastic treatments appeared to be
stabilized.

The coefficient of variation was lowest for the control and the bio-plastic method,
and highest for compaction treatment (Table 3). The high coefficient of variation for the
compaction treatment was due to extreme variation in the replication that was beset by the
rodent problems (as well as to unknown causes, which continued even after the rats had
been eliminated).

After 350 days, the physical and biological treatments performed better than the
chemical treatment. The mean cumulative seepage rates were 9.0 cm d™! for the control, 7.1

for Na,CO,, 2.5 for compaction and 3.0 for bio-plastic. Thus, through compaction or the
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use of bio-plastic about 72 and 67 percent reduction in seepage over the control was

possible, respectively.
CONCLUSION

Based on the above seepage rate of 9 cm d! in the untreated silt loam, it can be said
that seepage is stealing about 8 m of water from the farm ponds of Pakistan Jjust during the
3 month period that s critical to the farmers’ overall success. If the daily loss is reduced
to 2.5 cm d* by using the compaction method, then only 2.25 m of water are lost to seepage
during that crucial 90-day rainless period between the seasons. This is a truly significant
benefit. For comparison, the pond’s evaporation losses would be just over 70 cm during the
period.

Thus it can be seen that the compaction or bio-plastic methods may dramatically
help reduce water loss due to seepage, thereby providing water during dry spells.
Furthermore, compacting the soil and making the bio-plastic sandwich is cheaper than the
chemical treatment -- at least where farmers can find appropriate machinery or suitable
organic materials. |

However, there is a limit to the practical use of this technology. For drier reglons
than Islamabad (notably those receiving rainfall of less than 350 mm per annum), there is
a need to reduce the seepage losses even beyond the levels achieved in these experiments.

In such areas evaporation also becomes more acute, and may even exceed 2.5 m per
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annum. This is today difficult to control economically. Perhaps by using various covers and
plastic pond-linings this might be overcome in the future.

For use in cases of extreme water shortage, ponds can be created with a small deep
area as a special reserve. During this research, such a method was tested. The reserve area
was only 0.5-1 m deeper than the rest of the pond, but this was enough to maintain some

water for 15-30 extra days.

Management Implications

Both the compaction and bio-plastic treatments are deemed practical and cost-
effective for many areas of Pakistan. Compaction in ponds can be done using locally
available tractors. The major technical requirement is that the soil moisture content must
be optimal for compaction. Technical advisors could help the farmers identify the times
when the soil is just damp enough to compact well. They could also provide details on the
pond depth necessary to assure adequate water volume during dry spells in the given area.
Most farmers own cows or buffaloes so that manure is readily available for use in the bio-

plastic sandwich.
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TABLE 1

Initial chemical and physical composition of soil and cow dung used
for seepage study at National Agricultural Research Centre, Islamabad.

Type Soil’ Cow Dung"’
pH 7.79 7.67
ECe (dS/M?) 0.23 7.8
Na {cmol( +)/kg) 1.22 6.60
Ca (cmol(+ +)/kg) 3.11 1.95
Mg (cmol( + +)/kg) 0.79 -
SAR 0.88 -
ES (cmol( +)/kg) 0.008 -
ESP 0.04 --
CEC (cmol/kg) 21.00 --
Clay (%) 17.00 --
Silt (%) 21.00 -
Sand (%) 62.00 -
Textural class Silt loam -
Bulk Density (Mg/M3) 1.49 -

* Mean across all pond.

Fresh cow dung.
NaCl is normally fed to buffaloes in big lumps.

* %

* e
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TABLE 2

Mean cumulative seepage rate {cm d') in silt loam soil of Islamabad.

Days Treatments

since

initial

wetting Bio-plastic Compaction Chemical Control
01 3.11 3.23 11.16 11.53
10 7.05 10.60° 16.77 14.07
70 6.42 9.93 17.31 14.75
80 4,69 6.88 14.80 13.22
90 4.17 5.76 13.57 12.48
110 3.47 4.46 11.25 12.13
120 3.34 4.27 10.56 11.96
160 3.20 4.14 10.00 11.79
170 3.17 4.08 10.11 11.93
230 3.11 3.65 9.96 12.16
240 3.11 3.50 9.54 12.23
250 3.14 3.38 9.23 12.23
260 3.23 3.23 8.82 12.13
280 3.2 3.13 8.54 11.90
290 3.21 2.99 8.25 11.47
300 3.19 2.88 8.04 10.93
310 3.16 2.80 7.87 10.54
330 3.09 2.65 7.50 9.76
350 3.01 2.49 7.13 9.00
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TABLE 3

Treatment coefficients of variation {%) in silt loam soil of Islamabad.

Days Treatments

since

initial

wetting Bio-plastiz * Compaction Chemical Control
01 30.03 104.43 65.78 23.75
10 67.98 57.07 44.36 31.37
70 65.60 64.49 63.72 34.40
80 53.75 73.56 60.50 31.09
90 46.07 77.75 61.53 27.93
110 36.80 92.82 61.43 23.27
120 36.15 96.42 61.13 22.38
160 35.56 106.04 61.26 17.22
170 34.94 109.07 64.32 16.22
230 32.45 117.47 75.36 20.54
240 31.82 120.77 77.91. 25.94
250 32.43 122.50 79.81 29.25
260 34.08 124.50 81.28 32.68
280 34.97 125.28 82.28 34.09
290 35.47 126.77 84.20 36.08
300 35.65 127.80 86.02 36.04
310 35.71 127.89 87.15 35.98
330 35.84 129.58 89.25 35.74
350 35.97 131.05 91.18 35.35

June 15, 1994 14
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EFFECT OF SALINITY ON GROWTH OF Rhizobium sp., NODULATIGN AND
HEIGHT OF Prosopis SPECIES

Durr-e-Habib Roomi, A. Ghaffar, R. Ahmad and S. Israail
Biosaline Research Laboratories,
Department of Botany,
University of Karachi,
Karachi, Pakistan.
ABSTRACT

The effect of salinity on the growth of Rhizobium sp. isolated from Prosopis glandulo-
sa and P. juliflora was studied in vitro. Growth of rhizobium isolated from both Prosopis
species increased at all salinity levels as compared with the control (0.01%) except at 1%
NaCl level. Rhizobium sp. isolated from P. glandulosa showed a gradual decline as salinity
increased from 0.3 to 1.0%; that isolated from P, Juliflora showed a decline as salinity
increased from 0.2 to 1.0%. Increasing salinity caused a gradual reduction in seed germina-

tion, height of the plant, number of nodules per plant and nodule size.

INTRODUCTION

Increasing soil salinity has greatly reduced agricultural productivity in various parts
of the world. The effects on leguminous crops appear to be greater presumably because of
a direct influence on the nitrogen-fixing ability of root nodule bacteria (Munns et al., 1977).
Increasing levels of NaCl have been found to cause reduction both in nodulation and nitro-
gen-fixing ability in peas and mungbeans (Steinborn and Roughley, 1975). Mesquite
(Prosopis spp.), a nitrogen-fixing tree legume, grows luxuriantly under various salinity and
aridity regimes. The plant has been found to survive and even flourish in soil made saline
with 12,800 mg/1 NaCl, and its roots can extract water from soil that is salinized with more
than 17,900 mg/I (Jarrell and Virginia, 1984). Prosopis seeds collected from widely diver-
gent saline areas of Africa, Argentina, Mexico, and the United States have been grown in
sand culture up to 3.3% NaCl concentration (Rhodes and Felker, 1988). Nodulation has

been reported in 12 Prosopis species with different rhizobial strains (Felker and Clark,
1980).
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The present work was carried out to study the effects of different levels of NaCl
salinity on the growth of rhizobium species isolated from P. glandulosa and P. julifiora. The
study also investigated the effects of different NaCl concentrations on seed germination,
height of the plant, and the number and siz= of nodules of P, Juliflora after inoculation with

Rhizobium sp.
MATERIALS AND METHCDS

Isolation of Rhizobium sp.

P. glandulosa and P. juliflora roots collected from fields of Sujawal, Pakistan, were
used. After washing in running tap water, the nodules were separated and surface sterilized
in 0.01% HgCl for 5 minutes, followed by washing in sterilized distilled water. The nodules
were dipped in 70% ethyl alcohol for 3 minutes, and after washing in sterilized distilled
water, were crushed with a sterilized glass rod in a petri dish and streaked on YEM agar

containing Congo red (Subba Rao, 1977).
Effect of Salinity on Growth of Rhizobium in vitro

Yeast extract mannitol broth (veast extract, 1.0 g; mannitol, 10 g; KoHPOy, 0.5 g;
MgS04.7H50, 0.2 g; NaCl, 0.1 g; distilled water, 1 L) was poured @ 25 ml/flask and steri-
lized at 15 psi for 15 minutes. NaCl was used to adjust the salinity of the YEM broth to
0.01, 0.1, 0.2, 0.3, 0.4, 0.5, 0.8, and 1.0% concentrations. Flasks with 0.01% NaCl served as
the control. Three-day-old rhizobial cultures isolated from Prosopis sp. were inoculated in
YEM broth @ 1 mi/flask. Five replicates of each treatment were incubated for 72 hours at
room temperature (30 - 35 °C) on a rotary shaker. The growth of rhizobia in culture was
determined at every transfer of suspension by determining the number of colony-forming
units (cfu) of the broth culture. Using serial dilution of the broth culture, one ml from 10°6
to 109 dilutions was transferred aseptically in sterile petri dishes, and was then mixed with
15 ml. melted YEMA. Each of these treatments was replicated three times. Petri dishes

were incubated at 30 OC for 3 days, and the number of colonies (cfu) in each plate was then
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the formula:
Colony-forming unit (cfu) of rhizobia = No. of colonies x dilution factor.

Effect of Rhizobial Inoculation Under Saline Conditions on Seed Germination, Height of
the Plant and Nodulation

Seeds of P. juliflora collected from Sujawal, were used. Rhizobial strains isolated
from nodules of P. juliflora were grown on yeast extract mannitol agar. The rhizobia were
transferred serially from the culture of lower to higher salt concentration and maintained
at 0.01, 0.2, 0.4, 0.6, 0.8, and 1.0% NaCl salts. The seeds were scarifie.] in concentrated
H)SO4 and thoroughly washed with distilled water, then inoculated with the appropriate
suspension of Rhizobium using 1% gum arabic as sticker. Loamy sand soil collected from
Karachi University experimental plots was autoclaved at 15 psi and transferred into 8 cm.
diameter plastic pots without any drainage, 250 g in each. The soil was moistened to field
capacity with respective saline solutions to give an EC, equivalent to 0.01 to 1% NaCl
solutions. Seeds inoculated with rhizobium from the different salinity treatments were sown
in the pots in soil with the same adjusted salinity of 0, 0.2, 0.4, 0.6, 0.8 and 1.0% NaCl. The
pots were watered twice a week with tap water. In a second set of experiments, uninoculat-
ed seeds were grown in sterilized soil. When the seedlings were 10 days old, the soil was
drenched with rhizobial suspension of acclimatized salinities. In a third set of experiments,
seed inoculation treatment, was followed by soil drench. There were three replicates of
each treatment and the pots were randomized on a greenhouse bench. The soil was kept at
50% water-holding capacity by daily watering the plants. The plants were harvested after 6

week and height of the plant and number and size of root nodules were recorded.

RESULTS

The Effect of Salinity on growth of Rhizobia in vifro

The growth of Rhizobium sp. isolated from P. glandulosa showed an increase from
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32 x 100 to 252 x 106 cfu at 0.1 and 0.2% NaCl salinity, respectively, followed by a declire
to 125 x 109 cfu at 0.3% and 29 x 106 cfu at 1% salinity, as compared with the control at
0.01% salinity (Figure 1a). Rhizobium sp. isolated from P. juliflora (Figure 1b) showed a
gradual decline from 208 x 100 cfu at 0.1% NaCl salinity to 35 x 100 cfu at 1% salinity as
compared with the control. Rhizobium grown at different salinity levels showed no change

in cell size and morphology.

Effect of Rhizobial Inoculation Under Saline Conditions on Seed Germination, Height of

Plant, and Nodulation

Seeds of P. juliflora inoculated with rhizobium acclimatized at different salinity
levels and sown in soil adjusted to different NaCl salinity levels showed 62, 25, 20, 16 and
6.6% germination, respectively, in 0.2, 0.4, 0.6, 0.8 and 1.0% salinity, as compared with 84%
germination in the control (Figure 2). With the gradual increase in soil salinity, there was a
gradual reduction in height of the plants as compared with the control. There was a signifi-
cant (P < 0.05) decrease in number of nodules at 1.09% NaCl salinity as compared with the
control (Table 1). With an increase in salinity, a significant decrease (P < 0.05) in diameter
of nodules was observed. When seedlings of P. juliflora were drenched with rhizobial
suspension, a gradual reduction in size of plant, number of nodules/plant, and size of nod-
ules was observed in soil adjusted at 0.2 to 1.09% NaCl salinity as compared with the control
(Table 2). The plants were taller and nodule more numerous than those grown in salinized
soil. In the third set of experiments, where seed inoculation was applied followed by a soil
drench with Rhizobium, no significant (P > 0.05) difference in height of the plants was
observed. A significanct (P < 0.05) increase in number and size of nodules was observed at
0.2% NaCl salinity; however, a gradual decrease in height of plants, number of nodules per
plant and size of nodules was recorded from 0.4 to 1.0% NaCl treatment as compared with
the control (Table 3).
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DISCUSSION

The growth and multiplication of the rhizobium isolated from P. glandulosa and P.
Juliflora declined rapidly as the NaCl concentration increased from 0.2 to 1.0%. A wide
variation in salt tolerance has been reported among Rhizobium species. Rhizobium japoni-
cum isolated from Glycine javanica was found tolerant to 0.5% (Wilson & Norris, 1970); R.
trifolii isolated from Trifolium sp., to 0.50-0.72% (Pillai and Sen, 1966); and R. meliloti iso-
lated from Melilotus sp., to 3% NaCl salinity (Graham and Parker, 1964; Subba Rao et al.,
1972). The growth and multiplication of rhizobia from soybean declined rapidly when the
NaCl concentration was increased from 0.2 to 0.8% (Tu, 1981). Similarly the growth of R.

leguminosarum declined rapidly as the salinity increased from 0.01-2.0% (Rai, 1983).

Salinity reduced seed germination in P. juliflora. Inoculation with Rhizobium did not
appear to be advantageous at the germination stage. Higher soil salinity has been reported
to delay seed germination in wheat (Ansari et al., 1980) and in tropical legumes (Keating
et al,, 1986). In the present work, the presence of a high NaCl concentration in the soil
decreased the growth and multiplication of rhizobia and reduced the number and size of
the nodules of P. juliflora. Similar observations have been made with other legumes (Tu,
1981; Haq and Larher, 1983). Conditions that promote growth of root hairs, rhizobial
growth and multiplication are considered favourable for nodulation (Nutman, 1958). This
would suggest that high salinity adversely affects nodulation. Of the three methods used
for inoculation, soil drench appear to have been the most suitable methods of inducing

nodule formation. Better growth performance of the plant was also observed.
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LEGENDS

Figure 1.

Figure 2,

Effects of different salinity regimes on multiplication of Rhizobium isolated

from P. glandulosa (a) and P, juliflora (b) on yeast mannitol broth with vary-
ing levels of NaCl.

Effects of different levels of NaCl salinity in soil on seed germination of P.
Juliflora inoculated with rhizobia.
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Table 1. Effects of seed inoculation of P. juliflora with Rhizo-
bium sp. at different levels of NaCl salinity in soil
on plant height, size and number of nodules.

NacCl Number of Average Diameter Plant Height
Concentration Nodules of Nodules (mm) (cm)
Per Plant

Control 5.800 4.400 19.800
EC: 1.7 dS.m-1 +1.593 +0.599 + 1.562
0.2% : 7.600 3.000 14.400
EC: 3.3 dS.m"1 +1.435 +0.707 + 0.678
0.4% 3.000 2.600 12.400
EC: 6.6 dS.m~1 +0.547 +0.244 + 0.400
0.6% 5.600 2.600 11.000
EC: 9.8 dS.m™1 +1.029 +0.244 + 0.316
0.8% 5.200 3.200 11.200
EC: 12.9 dS.m-1 +0.374 +0.199 + 0.583
1.0% 2.600 2.200 9.800
EC: 16.0 dS.m'1 +1.600 +0.374 + 0.374
F-Value 2.4323 3.0620 21.751
LSDg . o5 3.5067 1.2834 2.2735
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Table 2. Effects of soil drench with Rhizobium sp. on P.
flora at different level

s of NaCl salinity in soil on

plant height, size and number of nodules.

——-————-——-—-—-—-——-—--——-——--——————-——--——-—-———-——-——————————----.

NacCl Number of Average Diameter Plant Height
Concentration Nodules of Ncdules (mm) (cm}
Per Plant

Control 14.000 5.000 24.200

EC: 1.7 dS.m™1 + 1.788 +0.707 + 2,244

0.2% 10.200 3.800 16.200

EC: 3.3 dS.m~1 + 1.356 +0.489 + 2.395

0.4% 9.600 2.600 14.400

EC: 6.6 ds.m™1 $2.315 40.927 + 0.399

0.6% 6.600 3.800 13.800

EC: 9.8 dS.m~? +1.029 +0.969 + 0.374

0.8% 4.200 2.200 12.200

EC: 12.9 ds.m™1  +0.860 +0.734 + 0.734

1.0% 3.800 2.800 13.400

EC: 16.0 dS.m™! +0.374 4+0.663 + 0.673

F-Value 7.5280 1.8113 9.4708
LSDg o5 4.1860 2.2357 4.1417
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Table 3. Effects of seed inoculation and soil drench with Rhizo-
bium sp. on P. juliflora at different levels of NacCl
salinity in soil on plant height, size and number of

nodules.
Nacl Number of Average Diameter Plant Height
Concentration Nodules of Nodules (mm) {cm)
Per Plant

Control 4.400 3.600 19.000
EC: 1.7 dS.In-1 +0.748 +0.399 + 0.547
0.2% 9.200 5.400 19.2G60
EC: 3.3 dS.m-1 +3.455 +0.244 + 1.019
0.4% 2.200 1.800 14.000
EC: 6.6 dS.m'1 +0.734 +0.583 + 0.707
0.6% 1.800 1.900 12.000
EC: 9.8 dS.In_1 +0.374 +0.600 + 1.113
0.8% 3.200 1.320 13.000
EC: 12.9 dS.m'1 +0.860 +0.287 + 1.000
1.0% 1.200 2.800 10.800
EC: 16.0 dS.In-1 +0.374 +0.734 + 0.734
F-Value 3.6779 8.8695 16.5144
LSDg . g5 4.4682 1.4799 2.5613
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SCREENING OF MESQUITE (Prosopis Spp.) FOR BIOMASS PRODUCTION AT
BARREN SANDY AREAS USING HIGHLY SALINE WATER FOR IRRIGATION

RAFIQ AHMAD, SHCAIB ISMAIL, M. MOINUDDIN AND TARANA SHAHEEN

Biosaline Research Laboratories,
Department of Botany,
University of Karachi,
Karachi, Pakistan.

ABSTRACT

The objective of this study was to screen and identify those mesquite (Prosopis) spe-
cies/accessions/provenances, including both local and exotic genome lines, capable of
growing with saline water and producing maximum biomass and fuelwood in semi-arid

coastal regions of Pakistan (around Karachi), where good quality water is not available.

Seeds of three indigenous and one exotic Prosopis species/provenances were germi-
nated on filter paper saturated with NaCl solutions in petri plates. Electrical condu:tivity
(EC) values of the NaCl solutions ranged from 0 to 30 dS.m™1. Seeds of P. juliflora and P.
glandulosa showed higher germination percentages than seeds of P. cineraria and the exotic
species in controls, as well as under different levels of salinity stress. There was a decrease
in germination of all species with increasing salinity levels. The emergence of the three
indigenous Prosapis species was observed in sand irrigated with NaCl dilutions of the same
EC as above. Seedling emergence was completely inhibited above EC 10 dS.m™! in P.

juliflora and P. cineraria and above EC 15 dS.m™l in P. glandulosa.

In an another experiment, the growth of three indigenous and two exotic Prosopis spe-
cies/provenances was monitored in pots containing sandy soil and irrigated with dilutions
of sea water adjusted at EC;: 10, 20, 30, and 40 ds.ml P. glandulosa did not survive
beyond EC;y,: 20 ds.mL. Among the surviving plants, P. juliflora obtained from Brazil grew
in the highest salt concentration and showed minimum biomass reduction in comparision

with other species.
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In a field experiment, seedlings of 12 indigenous and 8 exotic species/accessions/
provenances of Prosopis were transplanted under field conditions and irrigated with saline
water (EC: 14-16 dS.m'l) obtained from a well. Among the indigenous species/prove-
nances, P. juliflora (D.1. Khan) and P. glandulosa (Sujawal), and among the exotic
species/accessions, P. alba (Acc.# 0166) and two South American species, showed better

growth in terms of plant height and stem diaweter under prevailing halo-xeric conditions.

Shoot stocks of different exotic Prosopis species of commercial importance grafted

onto fast-growing salt-tolerant indigenous species proved to be successful.

The results of the experiments suggest the importance of mesquite cultivation for
providing fodder and fuelwood, supplying timber, and stopping the movement of sand

dunes to control desertification.
INTRODUCTION

Meeting present and future global food demand through conventional agriculture is
challenging if not impossible. Population growth is exceeding increases in food production
in spite of the incorporation of modern scientific techniques in agriculture. Furthermore,
management problems such as waterlogging and increasing soil salinity are reducing yields
from once-fertile lands. Hence, there is an urgent need to expand vegetation on barren,

semi-arid, and arid wastelands in order to meet future food, fodder, and fuel demands.

The objective of this study was to screen and identify those mesquite (Prosopis) spe-
cies/accessions/provenances, including both local and exotic genome lines, capable of
growing with saline water and producing maximum biomass and fuelwood in semi-arid

coastal regions of Pakistan (around Karachi), where good quality water is not available.

Mesquite, a woody legume, grows naturally in hot semi-arid and arid regions of the
world. Its fruits provide an alternative source of food for humans and feed for ruminants.

Leaves of P. cineraria are grazed by goats and sheep. In addition, mesquite pods provide
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fodder for small ruminants since they contain 9.6-12.5% crude protein, 1-3.4% reducing
sugar, and 8.3-12.8% total sugar {Gupta et al., 1984). This genus has provided a dietary
base in the United States and Mexican border areas for several thousand years (Nabhan,
1984). Almost all the Prosopis species produce good-quality fuelwood and charcoal. Some
are capable of growing into trees that can produce wood for making wooden flooring,
doors, and furniture. Some multistem species have proved to be excellent in controlling
sand dunes, controlling soil erosion and stopping desertification. Enhanced honey produc-
tion is noted in hives placed in the vicinity of mesquite forests. Overall, mesquite is a good
commercial plant species for semi-arid and arid regions. Apart from being able to tolerate
water stress, Prosopis spp. can tolerate salt stress, up to a high salinity level (Rhodes and
Felker, 1988; Ahmad et al., 1986; Jarrell and Virginia, 1984; Felker et al., 1981).

Man-made forests of P. juliflora have been established on the barren coastal sandy
belt of Pasni, Pakistan, through irrigation with highly saline underground water (Khan et al.,
1986). Experiments conducted to determine the effects of irrigation frequency on biomass
production have showed greater productivity in selected Prosopis species as compared to
other tree species under high-temperature/drought conditions (Felker et al., 1983a).
Among trees of P. chilensis, P. alba, and P. velutina grown for 22 years, the latter is reported
to produce 7.2 kg dry biomass/plant as compared to other 29 species of Prosopis {Felker et
al., 1983b). Trees of dry irrigated regimes in these experiments also showed the highest pod
production.

There are about 44 species of this genus distributed all over the semi-arid and arid
regions of the world (Galera et al., 1992). Proceedings of the Prosopis Symposium, held by
the Centre for Overseas Research and Development (Dutton, 1992) provide up-to-date
information on various aspects of growth and utilization of these plant species. Some of
these species are well adapted and grow well under harsh climatic and edaphic conditions.
The species that are found naturally in Pakistan include P. juliflora, P. cineraria, and P.
glandulosa, which differ morphologically as well as ecologically. P. juliflora, a deep-rooted
plant varying from shrub to tree habitat was naturalized in Pakistan in the early 1950s to

stabilize dunes and provide fuelwood (Mohammad, 1992). Furthermore, Prosopis species
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are distributed widely from subtropical arid regions to tropical arid regions of Pakistan,
mainly in the Baluchistan region and the Thal, Cholistan and Tharparkar areas. Advan-
tage could be taken of this fact to achieve the benefits discussed abcve. Moreover, Prosopis

could also be introduced in barren areas elsewhere under similar halo-xeric conditions.
MATERIALS AND METHODS
Germination

Twenty seeds of nine different provenances of three local Prosopis species (P. juliflo-
ra, P. glandulosa, and P. cineraria) and one exotic species (P. pallida) were treated with
concentrated sulfuric acid for 20-25 minutes, washed with running tap water and placed in
petri dishes on filter paper. The petri dishes were kept in an incubator at 28 °C for germi-
nation. The filter paper was then saturated with non-saline or saline water. Solutions of
various salinities were made by dissolving the Analar grade of sodium chloride in distilled
water to give electrical conductivity (EC) values of 5, 10, 15, 20, 25, and 30 dS.m"1, respec-
tively. Each salinity was replicated three times in a completely randomized design. Germi-
nation counts were recorded daily for 8 days. Seeds were considered to have germinated

when the hypocotyl emerged from the seed coat.
Emergence

The emergence of the different provenances of Prosopis species was also studied, as
often the results obtained for germination in petri dishes do not correspond with the
emergence of seedlings in soil. The seeds of each of the species used in the germination
study were sown in plastic containers filled with sand and irrigated with different dilutions
of NaCl, with an EC;,, range of 5-30 dS.m1, Three replicates were kept for each treatment

in a completely randomized design and observed for 8 consecutive days.
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Salt Tolerance in Prosopis Species/Provenances

Seedlings of two exotic species -- P, Juliflora obtained from Brazil and P. pallida
(supplied by Winrock) -- and two indigenous species P. glandulosa (two provenances) and
P. juliflora (one provenance) were raised from seeds in earthen pots containing 12 kg sand.
Once established, the seedlings about 1 cm in height, were irrigated with various dilutions
of seawater to give EC values of 10, 20, 30, and 40 dS.m" 1. Irzigation with non-saline water
was used as a control for comparison. Each treatment was replicated five times in a
completely randomized design. Data on height, stem: diameter and number of bra.iches
were recorded every 4 months. Plants were harvested at 1 year of age. At harvest, the
whole plant was separated inio leaf, stem, and roots, respectively. Samples of plant parts
were then placed in an oven at 70 °C for 48 hours for dry weight measurements. Soil
samples from the pots were collected and oven dried. Saturated extract of soil was obtained

from these soil samples for measurement of electrical conductivity.

Screening of Local and Exotic Genome of Prosopis Under Field Conditions Using Saline

Water for Irrigation

Seeds of 21 exotic and 13 local species/accessions were sown after acid treatment in
piastic bags filled with pure sand. On the basis of better germination percentage and avail-
ability of good-sized seedlings, 20 accessions/provenances of different Prosopis species (8
exotic and 12 indigenous) were transplanted in different blocks in a completely randomized
design. The whole experimental area was divided into 20 blocks, each randomized for a
different species/accessfon/provenance. There were three rows in each block with three
plants/row, for a total of nine replicates of each species/accession/provenance. Plant-to-
plant and row-to-row distance was kept at 3 m. Thus 20 blocks covered an area of 1620 m2
(45x 36 m2). Detail of the species randomized in blocks and list of the species/acces-

sions/provenances is presented in Figure 1.

Plants were irrigated by filling each pit with 20 L underground saline water (EC: 14-
16 dS.m‘l), pumped from a 12 m deep well dug at the experiment site. The plants were
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irrigated twice a week during summer and once a week in winter. Extra care was taken to
ensure that plants in each pit received the same amount of water at each irrigation. Data
regarding survival, plant height and number and length of branches were recorded periodi-
cally to determine the growth of the plants. Some plants were destroyed by field rabbits
during the first 2 months and were subsequently replanted from the stock. Data pertaining
to quantum yield, stomatal conductance, and transpiration rate were recorded using a
LICOR (LI-1600) porometer. Chlorophyll and sugar contents of the plants were analyzed
as described by Maclachlam and Zalik (1953) and Yemm and Willis (1956), respectively.

Grafting Prosopis spp.

Budwood of exotic species (supplied by Dr. Peter Felker, A & I University, Kings-
ville, Texas) was grafted on 2 year old plants of P. glandulosa and P. juliflora growing at
Karachi University campus. Branches of local Prosopis species (about 0.5 mm in diameter)
were cut about 50 cm below the tip. The lower end of the budwood about 10 cm long was
sliced from both sides into a wedge shape, and inserted into a vertical slit made at the
terminal cut end of the fast-growing local genome. Both twigs were kept wrapped tightly
with grafting tape at the point of insertion for five weeks when the tape was removed at

which time the successful grafts were found to be producing new shoots.

OBSERVATIONS AND RESULTS:
Germination and Emergence Studies

The effects of different dilutions of NaCl on the germination of Prosopis seeds is
shown in Figure 2. Seeds of P. juliflora and P. glandulosa from Sujawal showed the best
germination percentage under non-saline (control) conditions as compared with the Proso-
Pisrepresenting the other sources. Germination was reduced by5-10%inall the speciesat EC:5-15dS.n
pared with the respective controls.Prosopis from Sujawal also showed tolerance to salt
stress, with a 60% germination even at a saline solution of EC: 20 dS.m"1. The overall

Prosopis germination for the seed source at EC: 20 dS.m"! was as follows:-

P. juliflora (Sujawal) > P. glandulosa (Sujawal) > P. cineraria (Peshawar) > P.
cineraria (Karachi) > P. juliflora (Bhawani) > P. cineraria (Tandojam) > P. pallida.
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The emergence of Prosopis seedlings from soil irrigated with different salt concen-
trations is presented in Figure 3. These data do not follow the germination data. The
percentage of emergence for the non-saline control was different in the soil than in the
petri dishes. Germination development and growth of the seedlings from the three Prosopis
species were as follows:

P. glandulosa (Sujawal), 80%; P. juliflora (Bhawani), 70%; P. cineraria (TandoJam), 40%

The seedlings did not develop beyond EC: 10 dS.m"! in the case of P. juliflora and P.
cineraria, and beyond EC: 15 dS.m"! for P. glandulosa. Emergence at EC: 10 dS.m"1 in P.
Juliflora and P. cineraria was about 10%, and that of P. glandulosa at EC: 15 dS.”1 was only

about 5%.
Salt Tolerance in Two Exotic and Three Indigenous Prosopis Species/Provenances

The seedlings of all the evaluated species/provenances of Prosopis exhibited various
degrees of salt tolerance when irrigated with different concentrations of saline water
(Table 1). P. glandulosa failed to grow beyond an EG;, level of 20 dS.m"1, thus exhibiting
low tolerance limit to salt stress. These plants also exhibited a 35 to 40% reduction in
height and about a 50% reduction in stem diameter at EC;y: 20 dS.m-1 as compared with
the plants grown in non-saline soil. However, all other Prosopis species exliibited a marked
reduction in growth only at the highest salinity level (EC;yy: 40 dS.m'l). P. juliflora
(Bhawani) appeared quite tolerant at an EG;, of 20 dS.m"1, with no effect on plant height,
followed by P. pallida (Winrock) (8% reduction) and P. Juliflora (Brazil) (13% reduction).
At this salinity level, stem diameter was least affected in P. juliflora (Brazil), followed by P.
pallida (Winrock) and P. juliflora (Bhawani). The comparative performance in terms of

growth is summarized in Table 2.

Biemass production of Prosopis leaf, stem and roots irrigated with water ranging
zom 0 to 40 dS.m™{ is presented in Table 3. The cumulative biomass of shoot and root is
shown in Figures 4 and 5. Among the five species/provenances studied, P. juliflora

(Bhawani) produced the highest amount of both fresh and dry biomass in all the plant parts
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under non-saline (control) conditions. In general, root biomass was greater in all the plants

followed by stem and leaf.

There was some accumulation of salts in the soil even at low levels (0-10 dS.m'l) of
salinity in the irrigation water as a result of incomplete leaching during watering, whereas
at a higher salinity level (40 dS.m‘l), the EC_, was less than the EC of the irrigation water.
At the 20 dS.m"1 level, P.juliflora (Brazil) exhibited less reduction in biomass which was
still about 50% in both leaf and stem. This compared with reductions in leaf and stemw, re-
spectively, of 53 and 61% in P. pallida (Winrock), 40 and 62% in P. glandulosa (Sujawal),
70 and 85%; in P. glandulosa (Karachi), 85 and 73% in P. juliflora (Bhawani). P. glandulosa
did not tolerate high salinities and failed to grow when given irrigation water with an EC of
20 dS.m"1. At the highest salinity level (EC: 40 dS.m"1), biomass reduction reached about

85 t0 92% in the surviving three species/provenances.

Root biomass was less affected than shoots at all salinity levels. The root biomass of P,
juliflora (Bhawani) was greatest among the species/provenances studied. Moisture content
in the shoots of control plants varied from about 36-50%. The percentage of moisture in
some of the plants irrigated with saline water increased up to 67% at the highest salinity
level of irrigation water.

Shoot biomass under control conditions was ranked as follows:

P. juliflora (Bhawani) > P. pallida (Winrock) > P. glandulosa (Karachi) >

P. glandulosa (Sujawal) > P. juliflora (Brazil)

Using irrigation water of 20 dS.m™1, shoot biomass was ranked as follows:
F. juliflora (Brazil) > P. pallida (Winrock) > P. juliflora (Bhawani) >

P. glandulosa (Sujawal) > P. glandulosa (Karachi)

Screening of Local and Exotic Genomes of Prosopis Under Field Conditicns Using Saline
Water for Irrigation

The various plant species exhibited different growth responses depending on their
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habitat and growth vigour. The height of P. juliffora (D. 1. Khan), P. glandulosa (Sujawal),
and P. julifora (Sujawal-2) ranged from 61.1 to 92.4 cm. The first two species exhibited
better performance with regard to the number and cumulative length of the branches. The
height of P. alba (Acc. #0166), Prosopis sp. (Peru), and P. juliflora (Brazil) ranged from
75.9 to 96.4 cm. With respect to the number of branches, Prosopis sp. (Peru), P. chilensis
(Acc. #0009) and P. articulata (Acc. #0598), ranked first, second and third, respectively.
With reference to the cumulative length of branches, P. articulata (Acc. #0598), P. aiba
(Acc. #0166) and Prosopis species (Peru) were the three best exotic species/accesssions.
The differences among these six species/accessions, irrespective of origin, for various
parameters were significant (P < 0./05) as compared with the rest of the species/acces-
sions/provenances. P. alba proved to be the best with respect to the height, number, and
cummulative length of the branches. P. alba also appeared to have a greater tendency to

become monostemic as compared with Prosopis from local sources.

P. cineraria was the only palatable species among the various species/accessions/
provenances used in this experiment. It is generally monostemic and makes a shady crown,
P. cineraria (Tando Jam), though not as high as P. juliflora (D.1. Khan) or P. alba (Acc.

#0116), is still a good choice because of its grazing value.

There appeared to be salt accumulation in the soil due to saline water irrigation over a
period of time and insufficient leaching of the saline water through the root zone (Table 4).
This could be attributed to differences in soil texture in different areas of the experimental
«eld, though the area selected was quite homogenous (sandy loam). The salt accumulation
in the root zone varied from S to 14 dS.m'l, and could be one of the factors affecting root-

ing and growih pattern.

Data on some physiological parameters for the plants grown with saline water are
presented in Table 5. P. articulata (Acc. #0598), an exotic species, showed the highest
quantum yield, followed by P. glandulosa (Sujawal), an indigenous species. However, these
differences were not significant (P < 0.05). The lowest quantum yield was observed for P. juli-

flora (D.I. Khan), which had a significantly lower yield than many of the other species.
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Differences among the remaining species/accessions/provenances in quantum yield were
non-significant (P < 0.05). With regard to stomatal conductance, seven species/acces-
sions/provenances exhibited significantly higher values as compared with the rest of the
species/accessions/ provenances. Within this group, there were no statistically significant
differences. P. alba (Acc. #0591), an exotic species, ranked highest and P. juliflora (Brazil),
lowest. The transpiration rate corresponded more or less with the stomatal conductance of
the individual species/accessions/provenances. P. alba (Acc. #0591) exhibited both a high
stomatal conductance value and maximum values for transpiration rate. These species/
accessions/provenances ranking high with regard to transpiration rate were found to be

statistically different (P < 0.05) with the species at the bottom (P. juliflora, Bhawani).

Chlorophyll content in the exotic species/accessions/provenances was higher than
in the indigenous ones. In general, the concentration of chlorophyll ‘a’ was lower than that
of chlorophyll ‘b,” except in P. juliflcru (Karachi), and P. cineraria (Karachi) where it was
nearly equal (Figure 6). However, in P. cineraria (Tandojam), the concentration of chloro-
phyll ‘@’ was higher than that of chlorophyll ‘b’. The amount of total chlorophyll in P. alba
(Acc. #0166) and P. nigra (Acc. #1117) was statistically different (P < 0.05) from that in
the rest of the species, whereas, it did not differ among the others. The indigenous plants,
P. glandulosa (Sujawal), P. glandulosa (Sujawal, thornless), and P. juliflora (D.I. Khan), con-
tained more sugar (Figure 7) than the three species/accessions of the exotic group (i.e. P. alba,
Acc. #0166; P. pallida, Winrock, and P. juliflora, Brazil). It is interesting to note that these
exotic species occupied the same ranks with respect to total chlorophyll content as well.
Among the indigenous species, P. glandulosa contained tne highest amounts of chlorophyll
and sugar. P. juliflora (Sujawal) exhibited the highest concentration of proline (Figure 6).
This concentration was even higher than that of P. alba (Acc. #0166), which showed the
maximum concentration of proline among the exotic species.

A low percentage of successful grafts was observed in the grafting experiment. Some
of the plants started new sprouts, but within a month the grafts failed (Table 6). The growth
of four different species grafted on local P. glandulosa was successful, whereas sprouts of
Haitian Prosopis trees grafted on local P. juliffora were stunted after growing slowly for 1
year.
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DISCUSSION:
Prosopis Germination and Emergence

With regard to germination, Prosopis seeds exhibited differences in salt tolerance
across the seed sources evaiuated. This may have been due to better seed production and
greater adaptation under prevailing saline conditions among the more tolerant species.
Reduction in the percentage of germination with increasing salinity levels has been report-
ed previously (Khan et al., 1987). Local Prosopis species growing naturally in Sujawal ap-
peared to produce seeds that could tolerate salts during germination. These seeds exhibited
a minimum redu.ction in percentage of germination at low salinity levels (EC: 5-10 dS.m'l)
and were able to germinate up to EC: 25 dS.m" 1. Sujawal is situated by the side of Indus
River. Though the soil is saline, good-quality water is available which reduces the salt toxic-
ity and allows Prosopis species to grow luxuriantly in that area. Hence, seeds produced on
these plants have greater vigor. This could be a reason for their better salt tolerance during

germination.

The Prosopis radical emerges first during germination and initially comes in contact
with the soil to form roots; later, the two cotyledons, along with the plumule, elongate to
form the shoot. These newly formed cells come in direct contact with the saline soil, and
face osmotic and ionic shocks. Some of the seedlings in the experiment were u1able to
survive, and only those juvenile seedlings (P. glandulosa, Sujawal) which were salt tolerant
emerged out of the saline soil. Apart from this, the emergence rate of the control plants

was alsc quite low.

Pot Experiments on Growth of Local and Exotic Species Under Different Salirity Regimes.
Plants of different species within the same genus may differ in growth because of

genetic differences. Variations among the accessions/provenances of the same spec1es may

be due to the habitat where they grow and where the seeds have been collected. When

grown under the same environmental conditions, differences in their genetic variability

11
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were evident. P. juliflora appeared to be a more adapted species in this experiment. The
taxonomy of P. pallida is disputed and is considered very close to P. juliflora. P. pallida
produced the third most biomass compared to the control plants which were not able to
survive at salinity levels above ECjy: 20 ds.m-1. Only P. juliflora (Bhawani), P. juliflora
(Brazil), and P. pallida (Winrock) survived at the highest salinities levels (EC;y: 40 dS.m"
1). The root systems of these species were comparatively well developed. It may be noted
that P. juliflora (Bhawani) plants had a comparatively better adapted root system (in terms
of biomass) among the Prosopis species evaluated, even at the highest salinity level.
However, at EC;,: 20 dS.m'l, more root biomass was produced by P. glandulosa (Karachi)
than by P. juliflora (Bhawani). Though the shoot biomass of P. juliflora (Brazil) grown in
the control was less than that of the other four Prosopis species, it occupied the top position

in salt tolerance at all salinity levels.
Screening of Prosopis Genomes Under Field Conditions Using Saline Water for Irrigation

The well water used to irrigate the field plots ranged from 14 to 16 dS.m"1. P, glandulc-
sa, which did not grow under higher salinity in the pot culture, showed reasonably good
growth. Prospis juliflora and P. glandulosa were introduced to Pakistan within the last 50
years and and have become as well established as indigenous species of Pakistan. P. juliflo-
ra grows luxuriantly along the coastline near Karachi and Sonmiami, and is threatening to
become weed on fertile land. It is generally multistemic in nature, but pruning of branches
gives it a monostemic character. It is very hardy and grows under halo-xeric conditions. The
root system persists even if the top is removed, as evidenced by new shoot regrowth. Its
biomass has been reported to be 52.3 tons/ha under optimum growth conditions and even
in alkali soil after 6 years of growth (Singh and Singh, 1993). P. glandulosa is comparatively
less salt-tolerant and requires more watér than P. juliflora. It is also found growing luxuri-
antly on saline land along the canal sides and rivers. Its biomass production varies greatly
1Jepending on the accession (Felker et al,, 1983b). Prosopis raised from the seeds collected
from D.I. Khan and Sujawal was superior to that collected from other places in Pakistan,
Although the soil is saline, water remains available and plants exhibit good growth. Hence

their seeds are fully developed, and the plants appear to have the vigour for stress toler-
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ance. Ainong the exotic species seeds obtained from South America (P. alba, P. articulata,
P. nigra and P. pallida ) exhibited better growth under the prevailing halo-xeric conditions.
Experiments conducted by Felker et al., (1983b) showed that some accessions of these
species produce better biomass than others. P. alba (Acc. #0166) is reported to be among
the highest biomass-producing species in the genus, with an cven-dry mean biomass value

reaching 36.8 kg/plant after 2 years of growth (Felker et al., 1983a).

Differences in the utilization of solar energy and in the chlorophyll and sugar con-
tent of the leaves of the plants of various species/accessions/provenances are not statistically
significant (P > 0.05). However, species like P. alba (0166), P. nigra (1117), P. juliflora (D.1.
Khan), and P. glandulosa (Sujawal), which showed better performance in growth, also

ranked highest on these parameters.

The high correlation of chlorophyll and sugar with high quantum yield suggests
better photosynthetic efficiency of these species even under saline conditions. Greater
amounts of photosynthetic apparatus per leaf have been linked to increased concentration
of chiorophyll content (Terry and Waldron, 1984). A relationship has been suggested
betwe.en accumulation of sugar in plants under salt stress and respiration rate and alloca-
tion of carbon for synthesis of organic solutes, which serve as cell osmoticum (Shannon, 1984;
Jefferies et al., 1979). The presence of other organic compounds is required to balance the
osmotic gradient between internal and external cell potential. Proline, a water soluble

amino acid, is considered to have an osmo-regulatory function (Treichel, 1975).

The availability of soil moisture and the associated osmotic potential of the soil
solution influences water uptake and related processes. Transpiration rate is known to be
influenced by external factors such as ambient air humidity and temperature (Esliel and
Waisel, 1984) and internal factors such as anatomical features of the plant. In the experi-
ments, plants with high transpiration demand also exhibited higher stomatal conductance.
Thus P. alba showed maximum values of both stomatal conductance and transpiration.
Among the local genomes, all provenances of P. glandulosa exhibited maximum stomatal

conductance and transpiration values, This can be attributed to the shape of the leaflets in
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this species, which are broader and have less cuticle as compared with other species. Lower
values of stomatal conductance in other species/accessions/provenances may not be due to
stress, but to partial closure of stomates or reduced size and density of stomates per unit
area (Warne et al., 1990).

Grafting Experiment

Prosopis glandulosa appears to be a good host for grafting shoot stock of other
Prosopis species. Plants in the genus Prosopis seem to be divided physiologically into two
groups, one comparatively more salt-tolerant, less water-demanding than the other. Graft-
ing within plants of the same group appeared to be successful, whereas grafting across the
groups was difficult. Hence, a graft of a comparatively more salt-tolerant P. chilensis shoot
stock to a comparatively less salt-tolerant root stock of P. glandulosa was not successful.

However, more data are needed to prove or reject this hypothesis.

CONCLUSIONS:

The results of the experiments suggest the importance of mesquite cultivation for
providing fodder and fuelwood, supplying timber, and stopping the movement of sand

dunes to control desertification, specially in saline soils.

The research reported in this paper is only a step toward selection of Prosopis spe-
cies/accessions/provenances capable of produciny useful quantities of biomass in saline
soils. The plants in the experiments have not grown old enough to show appreciable diame-
ter and height of stems so that predictions about wood production can be made. Results of
studies on pruning of multistemic species and determination of the growth rates of remain-

ing single stems should provide this information in the future.
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Figure 1.

Figure 2.

Figure 3.

Figure 4.

Figure 5.

Figure 6.

Field lay-out of the experiment for screening different species/provenances/
accessions of Prosopis under saline conditions.

Effect of various salt levels on the germination of different Prosopis
species/provenances.

Effect of various salt levels on the emergence of different Prosopis
species/provenances.

Effect of saline water irrigation on shoot biomass productivity of different
species/provenances of Prosopis

Key to the Species:-
Sp.1-P. juliflora (Brazil) Sp.2 - P. juliflora (Bhawani)  Sp3- P. pallida (Winrock)
Sp.4 - P. glandulosa (Sujawal) Sp.5 - P. glandulosa (Karachi)

Effect of saline water irrigation on root biomass productivity of different
species/provenances of Prosopis

Key to the Species:-
Sp.1- P. julifiora (Brazil) Sp2 - P. juliflora (Bhawani) ~ Sp3 - P. pallida (Winrock)
Sp.4 - P. glandulosa (Sujawal) Sp.5 - P. glandulosa (Karachi)

Concentration of chlorophyll content in local and exotic species/accessions/
provenances of Prosopis under saline water irrigation.

Key to the Species:-

1 P. juliflora (Karachi) 2 P. juliflora (Sujawal-1)

3 P. juliflora (Sujawal-2) 4, P. juliflora (D.1.Kban)

5 P. juliflora (Faisalabad) 6. P. juliflora (Bhawani)

7 P. glandulosa (Sujawal) 8. P. glandulosa (Sujawal, Thornless)
9 P. glandulosa (N.W.F.P.) 10, P. cineraria (Tando Jam)
11, P. cineraria (Karachi) 12, P. nigra (Acc.#1117)

13. P. articulata {Acc.#0598) 14, P. chilensis (Acc.#0009)
15 P. alba (Acc.#0591) 16. P. alba (Acc.#0166)

17. Prospis sp. (Peru) 18. P. pallida (Winrock)

19 P. juliflora (Brazil)

/3



Figure 7.

Concentration of sugar and ;roline content in local and exotic species/

accessions/provenances of

Key to the Species:-

P. juliflora (Karachi)

P. juliflora (Sujawal-2)
P. julifiora (Faisalabad)
P. glandulosa (S ujawal)
P. glandulosa (N.W.FP)
P. cineraria (Karachi)

P, articulata (Acc.#0598)
F. alba (Acc.#0591)
Frospis sp. (Peru)

P. juliftora (Brazil)
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Table 1. Growth responses of Prosopis species/proverances under saline water

irrigation

Plant Species/ Salinity
Accesssions Levels

Growth Period (Months)

(dS.m’1) 4 8 12
Plant Stenm Plant Stem Plant Stem
Height Diam, Height Diam. Height Diam,
(cms)
P. julifiora 0 102.00 0.78 133.00 130 139.33 2.30
(Bhawani) +1125  +0.04 12338 011 42582 4017
10 61.00 0.74 110.00 1.12 136.60 1.50
+4.04  +0.02 +14.60 +0.01 +920 +0.09
20 4433 0.70 86.66 0.93 138.33 1.36
+554  +0.05 +1480  +0.09 +166  +0.12
30 48.00 0.65 64.00 0.65 72.00 1.26
1680  +0.02 +18.14 +0.03 +378  +0.16
40 40.33 0.55 49.00 0.66 68.33 1.13
+240 +0.08 +5.13 +0.09 +4.60 +0.16
P.juliftora 0 102.66 0.83 106.33 1.26 113.33 181
(Brazil) +585  +0.07 4731 +0.08 +49.69  +6.00
10 69.50 0.62 110.66 116 140.00 1.63
47  +0.01 +16.89 +0.03 12296 +0.66
2C 5833 0.0 79.00 0.85 98.66 1.36
+783  +0.00 1201 #0310 +2390  +0.14
30 56.00 0.55 74.33 0.56 9733 1.06
+378 +0.03 +536 +0.0 +266  +0.06
40 47.00 043 54.66 0.46 60.66 0.86
+288 +0.03 +536 +0.03 12046  +0.10
P. pallida 0 85.00 0.76 144.00 1.46 136.60 233
(Winrock) 1170 +0.04 +1159 4018 +2333 4017
10 60.00 0.54 118.66 1.03 143.33 1.66
+404  +002 3769 +003 #1166  +0.14
20 45.00 0.55 9933 0.83 126.33 1.50
+360 +0.02 +5.66 +0.06 +1350  +0.09
30 41.00 0.55 66.00 0.66 100.30 1.06
+755  +0.07 $1952 003 +1225  +0.16
40 40.33 045 5433 0.46 60.30 1.01
1569  +0.06 +9.26 +0.03 533 +0.04
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Growth Period (Months)
Plant Species/ salinity
Accesssions Levels

(dS.m’)) 4 8 12
Plant Stem Plant Stem Plant Stem
Helght Diam, Helght Diam, Height Diam,
(cms)
P. glandulosa 0 16.16 0.43 107.66 1.50 109.00 2.26
(Sujawal) 1196  +0.02 +8.95 +0.21 +1646  +0.17
10 1433 0.53 5433 0.96 66.00 1.70
+033  +0.03 +2.85 +0.05 +303 4005
20 19.00 0.48 51.66 0.83 71.33 123
+321  +0.06 +4.33 +0.06 +533  +0.08
30 15.66 0.40 35.00 0.50 -- -
+233  +0.00 +0.00 +0.00 -- --
40 16.66 045 --- -
+260  +0.08 - --
P. glandulosa 0 30.50 0.38 125.00 1.36 120.00 2.16
(Karachi) +500 +0.02 +14.84 +0.08 570  +0.03
10 11.66 0.44 69.00 0.94 88.33 143
272 +0.04 +8.86 +0.04 +600 +0.14
20 1166 043 5966 070 7133 106
272 +0.03 +18.98 +0.10 11443 +0.27
30 11.33 0.40 30.00 0.50 --
. +393 400 +0.00 +0.00 - -
40 9.66 038 --- -- -
195 +0.02 - -
Dashes indicate the dead plants,
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Table 2. Growth of different species/provenances of Prosopis as influenced by low-
and high-salinity water.
Growth Saliaity Growth in Order of Performance
Parameter Level
@'l
Plant Height 0 P. juliflora (Bhawani) > P. pallida (Winrock) >
P. glandulosa (Karachi) > P. juliflora (Brazil) >
P. glandulosa (Sujawal)
40 P. juliflora (Bhawani) > P. juliflora (Brazil) >
P. pallida (Winrock)
Stem Diameter 0 P. pallida (Winrock) > P, juliflora (Bhawani) >
F. glandulosa (Karachi) > P. juliflc" 1 (Brazil)
40 P. juliflora (Bhawani) > P. pallida (Winrock) >
P. juliflora (Brazil)
o U?

my



Table 3. Biomass production of some Prosopis species/provenances grown with diffsrent
concentrations of saline water.

Plant Parameters Control EC: 10 EC 20 EC:30 EC:40 F-Value LSDO 05
Species Studies @ = —ccceeeeenene... L3110 ——

Prosopis juliflora
(Bhawani)
Leaf  Fresh Weight (g) 150.00 45.83 2230 18.66 11.66 3.54 96.30
+67.10 +567 +11.30 +2.30 +1.20

Dry Weight (g) 6716 1700 6.66 733 400 299  ns
+3429 4152 3066  +145  +1.00

Stem FreshWeight (g) 20933 9516 5450  39.83 2600 1092° 707
+4147  +1358  +2200  +1052  +4.00

Dry Weight (g) 11600 6533 3450 2066 1433 902" 455
+2532 41049 +1340 4554  +145

Root Fresh Weight (g) 26860 11166 11433 5100 2810 658" 364
+664  +554  +1820 +1370  +8.54

Dry Weight (g) 10666 3200 2900 1266 733 9179°"" 128
+779  +152  +378 4240 4220
EC, (dS.m’)) 094 1853 2880 3326 3510
+002  +118  +587  +439  +0.59
Prosopis juliflora
(Brazl)

Leaf  Fresh Weight (g) 8020 6633  69.66 2700 1300 1669° 2012
+2269  +290  +536  +435  +208

Dry Weight (G) 2566 2900 2500 9.00 366 613 1442
+1008  +057  +115  +L15  +033

Stem  Fresh Weight (g) 15330 13500 7216 3960 2266 370" 9430
+6200 +1700 +1688  +693  +0.88

Dry Weight (g) 12633 7133 3666 2600 866 1590° 3718
+2334 4669 4883  +503  +185

Root  Fresh Weight () 10466 4266 2100 1233 766 1887 2885
+1906  +683  +288  +033  +088

Dry Weight (g) 5033 16.66 8.66 5.00 233 277 1.65
+949 4033 +145 +0.57 +033

EC, (dS.m"1) 105 2535 318 3275 3480
+0.04 4242 +005  +257  +083




Plant Parameters Control EC:10 EC:20 EC:30 EC:40 F-Value LSDO.OS
Specles Studies 4S.m’1

Prosopis pallida
(Winrock) .
Leaf  Fresh Weight (g) 134.33 89.30 63.16 1833 10.66 830 55.89
+3910 +1.20 +3.34 +4.09 +3.10

Dry Weight (g) 5666 2066 2166 7.30 360 11060 2007
+1390  +088  +202 4202 +066

Stem  Fresh Weight (g) 180.00  106.33 70.33 39.66 13.66 281 ns
+8330  £1685 +7277  +693  +170

Dry Weight (g) 933 6466 4033 1866 530 318 s
+4440  +917 4366 1260  10.60

Leaf  Fresh Weight () 13800 4230 3433 2466 500 3280° 2842
+1450  +548 +6.43 +1090  +2.00

Dry Weight (g) 7966 1700  13.00 6.66 233 2410° 2038
+1380  +260 4208  +240  +033

EC, (dS.m’1) 170 2410 3273 2623 3390
+023 4237 4310 +0.75 +0.46

Prosopis glandulosa
(Sujawal) .
Leaf  Fresh Weight (g) 6366 2283 3800 . - 2820° 1559
+785 4240  +3.60
Dry Weight (g) 3100 933 1066 . - 2052  ns
+458 4030 +0.66
Stem  Fresh Weight (g) 11460 325 283 . - 657 59.41
$3510 4480  +664
Dry Weight (g) 1400 2866  24.00 . - 706" 1843
1720  +480 +3.05
Root  Fresh Weight () 11700 9433 60,00 . - 907" 5571
+3013  +1225  +1855
Dry Weight (g) 6233 2966  15.00 . - 679" 3216
+1480  +409 4450
EC, (dS.m’}) 171 1892 2490 3320 3464

+029  +086 2.7 +0.00 +0.28
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Plant Parameters

Control EC:10 EC:20 EC:30 EC:40  F-Value LSDg g5

Specles  Studles dS.m’1
Prosopis glandulosa
(Karachi) .
Leaf  Fresh Weight (g) 6566 2916 2033 - . 470" 3833
+1900  +158  +0.88
Dry Weight (g) 3100 1133 7.00 . . 69° 1672
+830  +066  +057
Stem  Fresh Weight () 18233 6316  21.50 . . 6517 3578
+1660 434  +4.80
Dry Weight (g) 12666 3633 1633 . . 52260 28.13
+1367 4266 +202
Root  Fresh Weight (g) 15166 13666 3133 . . 17260 54.61
+1750  +1865  +9.49
Dry Weight (g) 8133 3536 9.66 . . 4630° 1845
+811 375 4233
EC, (dS.m’]) 094 1940 2285 3050 3564

$0.10 166 +039  +000  +0.24

*P <005 **P<001; ***P <0001
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Table 4. Some morphological characters in different Prosopis species
accessions/provenances as influenced by saline water 1rrigation

Name of Species Height of Number of Length of Salinity of

Masin Stem Branches Branches Root Zone
(cm) (cm) @s.m’)

P. juliftora 1675 + 080 g 150 + 0.09b 205+ 159h 1153 + 1.08

(Karachi)

P. juliflora 3000 + 240defg 3254023t 6175 + 720fgh 15.90 + 9.28

(Sujawal -1)

P. juliftora 61.14 + 247bcd 471 + 046b 21314 + 194 ¢d 1113 + 158

(Sujawal -2)

P. julifiora 9244 + 3.1 a 844 + 0252 51688 + 164 a 850 + 1.78

(D.1.Khan)

P. juliftora 3366 + 4.1 Gefg 43340296 18700 + 12.4de 1365 + 0.10

(Faisalabad)

P. juliflora 2140 + 2.60(g 15+0140b M2 +26gh 853 + 1.07

(Bhawani)

P, glandulasa 75.11 + 4.09 bed 487 +0.25b 164.25 + 18.03 def 7.70 + 0.00

(Sujawal)

P. glandulosa 40.66 + 2.80 defg 340 +033b 1364 + 13.16 defg 10.80 + 2.17

(Sujawal)[Thornless}

P. glandulosa 45.50 + 2.70 cdefg 137 + 0.09b 36.12 + 352 gh 836 + 0.73

(NW.F.P.)

P. cineraria 4537 +26lcdeflg 325+ 027b 13462 + 131 defg 7.60 + 0.00

(Tando Jam)

P. cineraria 3700 + 155defg 214 + 0.1Sb  76.00 + 1143 fgh 5.70 + 0.00

(Karachi) :

P. cineraria 2114129¢fg 400+ 026b 10033 + 7.97¢fgh 5.00 + 0.00

(N.W.FP)

P. nigra 4833 +305cdefg 2334+ 0.13b 7200 + 618 gh 8.0 + 257

(Acc # 1117)

P. ariculata 75.11 + 4.09 abe 487+025b 347.00 + 19.05b 12.83 + 3.16

(Acc # 0598)

P. chilensis 352+311delg 500+ 067b 812 + 114 efgh 1116 + 0.94

(Acc & 0009)

P. alba 55.75 + 4.50 bede 333 +017b 123.00 + 8.01 defgh 11.86 + 2.26

(Acc # 059i)

P. alba 96.44 + 594 2 4.660.20 b 32533 + 159b 636 + 049

(Acc # 0166)

Prosopis Spp. 8344 + 3.70ab 533+ 034b 29566 + 134bc 8.00 + 087

(Peru)

P. pallida 408 +597defg  12+4012b 4325+ 107gh 1353 + 176

(Winrock)

P. julifiora 75.85 + 739 abe 4284 025b 9228 + 139¢fgh 710 + 1.61

(Brazit) h

MS (Specics) 4355.18 2244 130246.800

df 19 19 19

F- Value 504" 567 13184

LSD o 2740 1.8 9278

i
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Table 5. Physiological measurements of different Prosopis species grown with saline
water Irrigation.
Name of Species Stomatal Conductance Transpiration Rate Quantum Yield
(m.mol.m2 S'l) (m.mol.mZS'l) (umol.S'lmz)
P. juliflora 20.23 + 2.14 ab 1.09 + 0.15 abe 1650 + 195.11 abc
(Karachi)
P. juliflora 12.98 + 1.68 def 0.88 + 0.14 bed 1688 + 67.28 abc
(Sujawal -1)
P. julifiora 15.72 + 1.86 bed 089 + 0.12 bed 1760 + 66.95 abe
(Sujawal -2)
P. julifora 13.30 + 0.83 def 0.77 + 0.08 bed 1415 + 17739 ¢
(D.1Khan)
P. juli 12.98 + 1.83 def 1.06 + 0.15 abc 1575 + 155.52 abc
(Faisalabad)
P. julifiora 935 + 149 cf 049 + 0124 1700 + 49.30 abe
(Bhawani)
P. glandulosa 16.12 + 293 bed 0.99 + 0.16 abc 1582 + 92.40 avc
(Sujawal)
P. glandulosa 14.74 + 1.71 cde 116 + 0.13 ab 1775 + 31.91 ab
(Sujawal) [Thorless] -
P. glandulosa 19.04 + 1.31 abe 1.20 + 0.05 ab 1659 + 75.60 abe
(N.W.FP)
P. cineraria 11.22 + 1.03 def 065 + 0.13cd 1556 + 120.18 abc
(Tandojam) -
P. cinergria 142 + 130 cdef 107 + 0.0 abc 1650 + 195.11 abe
(Karachi)
P. cineraric 11.73 + 4.26 def 0.76 + 0.07 bed 1587 + 89.04 abc
(NW.FP.)
P. nigra 8.76 + 195 102 + 0.08 abe 1721 + 4541 abc
(Acc # 1117)
P. articulata 1260 + 128 def 0.66 + 0.63 cd 1840 + 70232
(Acc # 0598)
2. chilensis 9.03 + 1.64( 0.82 + 0.87 bed 1504 + 11332 abe
(Acc # 0009)
P.alba 236 +530a 142 + 0.17a 657 + 204844
(Acc # 0591) -
P. alba 926 + 134 ef 066 + 0.10cd 1470 + 9788 bc
(Acc & 0166) -
Prosopis 13.53 4 139 def 0.76 + 0.08 bed 1587 + 89.04 abc
Ferw * :
P. pallida 13.63 + (.96 def 0.89 + 0.07 bed 1528 + 137.18 abe
(Winrock) = -
P. juliflora 876 + 1951 080 + 0.16 bed 1585 + 20.44 abe
(Brazil) - -
MS Tm(tmcm (Specics) 80.80 0.29 219757.00
of =19)
MS Error (df = 108) NA,,, 0.15, 94561.00,,
F- Value 333 1.92 232
LSD g s 4.60 0.36 28730

Means in columns followed by same alphabets indicate nons,

atP < 005,

gnificant differences as determined by Duncan Multipie Range Test
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Table 6. Grafting performance of some Prosopis species.

Shoot Stock  Root Stock Number of Number of Successful

Growth Condition

(Exotic) (Local)  Grafts made Grafts (sprouted After One Year
within a month)
P. chilensis P. glandulosa 19 2 Failed
P. chilensis P.glandulosa 14 2 Failed
P. juliflora P. glandulosa 17 2 Shoot stock has
produced two stems
about 90 cm long each.
F.alba B, Vs, P. glandulosa 18 4 Shoot stock has
produced two stems
about 90 cm long each.
P. alba 0088 P. glandulosa 13 4 Shoot stock has
produced three branches,
two about 90 cm long
and one about 30 cm
long.
Haitian Field Prosopis Trees
419BLKILn4  P.juliflora 16 2 Shoot stock has produced
Tree 2 two branches about 30
cm and 10 crr long,
respectively,
419BLKILn1  P.juliflora 17 zero Failed
Tree 1
419BLK4Ln1 P juliflora 12 2 Shoot stock has
Tree 3 produced two branches
about 10 cm long each.
Further growth retarded.
419BLKLn10 P glandulosa 25 2 Shoot stock has produced
Tree 4 two branches, 90 and 45
cm long, respectively.
420BLK1Ln8  P.glandulosa 15 zero Failed

Tree 3
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MANIPULATION OF THATTA LEGHARI RANGELAND TO
IMPROVE THE PRODUCTIVITY OF SMALL RUMINANTS IN
PAKISTAN

M. F. Khan', N. M. Butt', M. 1. Nutkani’ and N. A. Chaudhry’

ABSTRACT

Thatta Leghari rangeland in the Dera Ghazi Khan district of Pakistan covers an area of
1004 ha. Its topography is undulating, soils are calcareous and low in organic matter and support
a native standing crop of mainly unpalatable herbaceous vegetation. Due to uncontrolled grazing
the range is in very poor condition. Between 1992 and 1993 the native range(1000 ha) was not
grazed. Then in 1992 and 1993, a 600 ha area was reseeded with two improved grasses gorkia
(Lasiurus sindicus) and buffel grass (Cenchrus ciliaris). Forage production on the reseeded and
natural range was determined in 1992 and 1993 under weather conditions that were average with
respect to temperature and precipitation. The reseeded area produced 10 times (4000 k/ha) more
forage than the native range (424 k/ha) in 1992 and more than twice the forage (1250 k/ha vs
534 k/ha) in 1993, a year with 37mm less rainfall. Proximate analysis of the hand harvested
plants growing in the area was determined. Buffel grass had a higher crude protein value (7.8%)
than did gorkha and chimber (Eleusine flagellifera). The shrub, lana (Salsola foetida) had a
higher energy value 2.7 Mcal/kg than all of the othe forage species. Daily goat and sheep diets
consisted of 45% and 39% shrub respectively. Live weight gain in goats and sheep was 34
gm/day 14 gm/day respectively. These preliminary results indicate reseeding may be an
important intervention in Thatta Leghari rangelands improvement, for improving nutrition for

small ruminants in Pakistan.

KEY WORDS: Pakistan, Rangeland, Forage Species, Reseeding, Sheep and Goat.

! Senior Scientific Officer, Pakistan Agricultural Research Council,

Islamabad.
* Veterinary Officer, Taunsa
3 Range Management, Dera Ghazi Khan
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INTRODUCTION

Rangeland reseeding has been recommended to improve forage production when coupled
with proper management if natural conditions warrants seedling germination and establishment.
Rangeland vegetation consisting of more urpalatable plants than palatable ones and low forage
production is reliable indicator for the range need of improvements such as reseeding
(Mohammad, 1984). Gorkha has been successfully reseeded in Thall, Cholistan and Xohistan
ranges in Pakistan. Buffel grass is very drought resistant and has been recommended for
reseeding in arid and semi arid rangelands of Pakistan (Mohammad and Naqvi, 1987; Butt et al;
1990). Mixtures of buffel and gorkha have successfully been seeded in row 75 cm apart at the
rate of 6 k/ha on denuded silt flats near Rajastan (Mohammad, 1984). The objectives of this
study were to improve forage production and livestock gain through reseeding native range with

improved forage grasses and controlling livestock grazing.

Study Area

Rangelands of the Dera Ghazi Khan are located between the Sulaiman mountains and the
D.2us River situated between latitude 28° to 31° south and longitude 69° to 70° in east. The
area covers 2€38 ha and has twelve rakhs or range sites. One rakh, the Thatta Leghari (Fig. 1)
was chosen for this study. It has an area of 1004 ha and is about 20 km north of Taunsa a city
of .2 million papulation situated on highway 90 km north of Dera Ghazi Khan. Its topography
is undulating, the soil is deep, well drained, calcareous, medium—textured and low in organic

matter (Mohammad 1984).

The weather is typical of very arid sub-mountainous sub-tropical continental climates
characterized by cold winters and very hot summers. Ambient winter temperatures occasionally
drop to 0°C, especially in January and February while June and July are the hottest months with
mean maximum ambient temperatures of 42°C. Annual precipitation varies from 75 to 162 mm,
with most occurring during the months of July and August, the monsoon season (Alizai and

Habib, 1987).

Rangelands in D. G. Khan are in poor condition because of overgrazing by nomadic and
local livestock and illicit cutting of shrubs for fuel and fodder purposes during last several
centuries. More than 70% of the area is bare and is vulnerable to water and wind erosion. Many

2
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of the palatable forage species have been replaced by unpalatable ones. Farming and livestock
rearing are the important income sources in D. G. Khan. Women play a major role in livestock
production. They do major part of crop harvesting, herding and feeding of animals.

MATERIAL AND METHODS

The study was initiated in August 1992 on 1000 ha of Dera Ghazi Khan rangeland in
collaboration with the Punjab Forest Department. Following this reseeding was done on about
300 ha during July of 1992 and an additional 300 ha during July of 1993. The 300 ha seeded
in 1992 was disc plowed three times between March and April 1992 to remove unwanted
shruby and herbaceous vegetation and to prepare the seed. Seeds of buffel grass and gorkha grass
were mixed in a ratio of 9:1, based on seed availability, and broadcast manually followed by
dragging large brush behind a tractor to cover the seed. Domestic grazing was excluded for one
year to allow seedling establishment. The same land preparation, seeding and grazing exclusion
procedures were repeated during 1993. However, buffel and gorkha seed grass were mixed in
a ratio of 1:9 ratio again based on seed availability. Forage production and species composition
data on both native and reseeded range were recorded using line transect sampling at the end of
the 1992 and 1993. Close to the watering point a point was selected randomly and an imaginary
line was drawn in one of the four cardinal directions on both reseeded and natural range sites.
Ten randomly plots each located separated by 100m were sampled on each of the imaginary
lines. A 1.0 m® square quadrate was thrown by the technician to his right side of each of the 10
selected points. All plants within the 1.0m* quadrate were recorded by species and then harvested
at 15cm stubble height during October of 1992 and 1993. Air dried forage production and
chemical composition of intact plants were determined by the standard methods (AOAC, 1985).
Regression equations ( Ahmed and Muller 1986) were used to predict energy values of the
different plants sampled. Meteorological data for 1991, 1992 and 1993 were recorded in a rain
gauge installed by the Punjab Forest Department on an adjarznt range about 5 km from the
sampled plots. Twenty five adult ewes of Damani breed and 25 goat of the Nachi breed were
grazed on the seeded and native range sites to study the weight gain and grazing behavior.
Individual live weight were obtained initially and every 30 days following on overnight fast off
both feed and water. Behavior was observed and recorded every 5 min on 10 sheep and 10 goats
for a period of 6 consective days between 0700 and 1200 hours and again betwecn 1500 and
1800 hours. No sheep and goats were lost or died during the study period.
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RESULTS AND DISCUSSION

Vegetation species present in the rakh were recorded and presented in table 1. Based on
two years of data the native range had only unpalatable species. Chimber (Eleusine flagellifera)
was the dominant grass and lana (Salsola foetida) was the dominant shrub. Together these two
species comprised over 80% of the vegetation.The remaining 20% of the plants were sehnwar
(Rhazya stricta), bui (derva javanica), phog (Calligonum polygonoides), kikri (Acacia
Jacquemontii), Karir (Capparis decidua), khip (Leptadenia spartium), jand (Prosopis cineraria),
mallah (Zizyphus nummulria) and ak (Calotropis procera) (Table 1).

In October 1992, mean forage production from the resceded area was 3936 k/ha
compared to 424 k/ha from the native range plants (Fig 3). Species frequency and forage
production during 1993 is given in table 1. Total plant production during 1993 from reseeded
and natural range was 1250 k/ha and 534 k/ha, respectively (Fig-3). Higher forage production
during 1992 compared to that of 1993 was probably due to higher precipitation during the
growing season. Precipitation data for 1991, 1992 and 1993 are given in Fig 2. During 1993,
there was 17 mm less rainfall, which has the profound effect on the range forage production

in that year.
Chemical Composition of Forage

The chemical composition of forage species sampled are presented in table 2. The native
grass (chimber) was lower in crude protein (5.9%) and energy than buffel and gorkha. Buffel
had a highest crude protein (7.8%) followed by gorghka (6.2%) and then chimber (5.9%). The
shrub lana had the highest crude protein (11.5%) of all the forage species sampled. The energy
value was higher for lana and phog as compared to grasses found on the rangeland (Table 3).
The higher energy values for these shrubs were due to higher carbohydrate content.

Sheep and Goat Liveweight Changes

Live weights of sheep and goats were recorded monthly between February and December,
1993 (Fig. 4). Goats and sheep gained a mean of 34 g and for 14 g/day respectively. Sheep
gained weight from February to August and then lost weight from September to December.
Goats gained weight continuously throughout the study period. Weight gains were greater during
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the early growing season for the both kind of animal species probably due to the higher nutrient
contents of the forage, this pattern has also been reported by Holecheck (1984). During the dry
period of the year sheep lost weight while goat continued to gain weight probably as a resort of
changing their diet to include leaves and flowers/fruits of shrubs. Similar observations were
made in Kenya by Shwartz and Said (1981) where flowers and fruits of Acacia spp represented
the major portion of goats diets during the dry season. Malecheh and Provenza (1983) reported
that because of goat adaptability to harsh conditions they are ideal candidates for marginal

rangeland.
Sheep and Goat Grazing Behaviors

The botanical composition of sheep and goats diets were determined by observing each
species.The results presented in Fig.5 suggested that sheep prefer grass (49%),While goats prefer
shrubs (45%). These results are similar with Bryant et al (1979) and Malechek and Provenza
(1983) that among grass, forbs and shrubs, goat usually prefer shrub diets whereas sheep select
high forb diets. Due to higher nutritive value of shrubs (table 3) goats gained weight throughout
the study. These results are similar with those of Rafique at al. (1992) who found shrubs and
forbs effectively serve to improve diet quality in small ruminant diet fed low quality grass hay.
The higher weight gains of goat in this study may be due to higher intake of shrubs as compared
to sheep. Shrubs improve the efficiency of N and energy utilization in rumen, which ultimately
resulted in higher weight gain in the goat. These results suggested that for the efficient
utilization of rangelands, mixed species of livestock should be introduced in stead of single

livestock species.

Conclusion

This study can serve as a model for the inhabitants of the Thatta Leghari area.lt is also
~ a contribution to the knowledge of sustainable systems in the desertifying rangelands of semiarid
lands elsewhere in the world where similar environmental and social conditions exist. Increased
demands on these rangelands in the very near future will dictate the reestablishment of plant

species, both native and introduced.

These preliminary results indicated that controlled grazing and reseeding of rangeland
with palatable species improve forage production and increases livestock productivity expressed
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as live weight gain. The results, moreover, suggest that for the efficient utilization of rangelands,
mixed species of livestock should be employed, rather than a single species. The goats’
adaptability to harsh conditions makes it an ideal livestock for such marginal rangeland areas in

Pakistan.

To both scientists and land users, the extremely dry environments of such regions present
great challenges. These challenges can be met only by conducting continued research and by

applying its results with care and constraint.
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Table 1: Mean dry matter yield (kg/ha) and percent composition of vegetation growing on

native and reseeded Thatta Leghari range during Oct, 1993.

Species Reseeded Native
DM % Frequency DM % Frequency
(kg/ha) (kg/ha)
Cenchrus ciliaris (Buffel) 200 .7..3 - -
Lasiurus sindicus (Gorkha) 225 18 - -
Eieusine flagellifera (Chimber) 198.0 i 18 280 54
Salsola Foetida (Lana) 538.0 41 235 30
Calligonum polygonoides (Phog) - - 10 3
Aerva javanica (Bui) - - 9 8
Total 1251 100 534 100




Table 2 Chemical composition of Important forage species found on
Thatta Leghari range land during July to September.

" Buffel Gorkha Chimber | Lana | Phog

'1 Dry matter (%) 91.3 93.6 93.6 89.3 93.3
Crude Protein (%) 7.8 6.2 5.9 11.5 8.4
Ether Extract (%) 1.5 1.8 24 2.4 1.8
Crude Fibre (%) 24.7 38.6 29.1 33.5 37.8
TDN (%) 58.4 61.3 63.9 71.2 61.2
Digestible energy 2.6 2.7 2.4 3.1 2.7
(Mcal/kg)
Metabolizable energy 2.2 2.3 1.5 2.7 2.3
(Mcal/kg)

Crude Protein = N% x 6.25

TDN = Total digestible nutrients
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Fig. 1 Map- of Thatta Leghari Rangeland, Dera Ghazi Khan District
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Fig: 2 Mean Precipitation for Dera Ghazi Khan
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Fig: 3 Mean Production of grasses, forbs and shrubs on Thatta Leghari rangeland,
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Fig: 4 Mean live weight gain of sheep and goat during 1993
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Fig: 5 Grazing behavior study of sheep and goat on Thatta

Percentage

60 -

50 |-

40

30 -

20 -

10

Leghari rangeland, during Sep,1993

49

[C1Sheep

Grass

y2s



Invalved



http:I'r%i4t4.tW

IMMUNOSUPPRESSIVE  POTENTIAL AND PATHOGENICITY OF AN AVIAN
ADENOVIRUS [ISOLATE [INVOLVED 1IN HYDROPERICARDIUM SYNDROME 1IN
BROILERS

Naeem, K., T. Niazi, S. A. Malik, A. H. Cheema

Animal Health Lahoratories, Animal Sciences Institute,

National Agricualtural Research Centre, Park Road,

Islamabad, Pakistan.

ABRSTRACT

The role of avian adenovirus iosolate PARC~1 as an
immunosuppressive agent was investigated in this study using a
Newcastle disease virus (NDV) vaccine immune response procedure.
The immunosuppressive effect on the humoral immune response was
investigated up to 21 days after inoculation with adenovirus,
Infected birds showed a reduced serologic response to NDV as
compared with the control. To further investigate the effect of
the virus on major lymphoid organs, the pattern of virus
dissemination in various organs was studied at various time
intervals after inoculation. Spleen, thymus, bursa of Fabricius,
and caecal tonsils of broilers were examined using a dot-
immunobinding assay (DIA). The virus was found to have a
predilection for lymphoid organs; virus from lymphoid organs was
capable of producing disease when inoculated into healthy birds.
The relationship of virus predilection to its immunosuppressive

effect was also studied.

INTRODUCTION
Hydropericardium Syndrome (HPS) has been prevalent in poultry in
Pakistan since its first appearence in 1987. To date, no disease

with similar symptoms and such a high rate of mortality has been
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reported from any other country. HPS 1is seen primarily in
broilers, 3-5 weeks old, although outbreaks have occasionally been
reported in layvers and breeders. All broiler strains commonly
found in Pakistan have been affected. The course of the disease is
usually 10-15 days, during which a mortality rate of 12-75% has
becn reported.

Postmortem lesions observed include hydropericarditis, pulmonary
oedema, hepatitis, and nephritis (Cheema et al., 1989); microscopic
lesions in the heart include nectrotic areas in the myocardium of
the ventricular walls and accumulation of mononuclear cells in some
areas. In the liver, there are small multifocal areas of
coagulative necrosis, and many hepatocytes have large round
basophilic intranuclear inclusion bodies. In the kidneys, massive
areas of necrosis in the epithelium of the renal tubules has been
described (Anjum et al., 1989; Cheema et al., 1989).

HPS was eerlier believed to be a nutritional disorder (Jaffery,
1988). However, reproduction of the disease by subcutaneous
inoculation of liver homogenate from infected birds and the
development of a successful killed vaccine have demonstrated that
HPS 1is infectious in nature (Chishti et al., 1989). Several
different organisms have been proposed as causal agents of HPS in
the past, but a new avian adenovirus isolate has been recently
identified as the major etiologic agent (Naeem et al., 1994). The
present study was undertaken to assess the extent of tissue tropism
of this HPS-associated fowl adenovirus, with special reference to
its predilection for lymphoid organs, and to assess its

immunosuppressive potential in broilers.
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MATERIALS AND METHODS

Inoculation preparation

Ten 15-day old chickens were inoculated with 20% HPS-infected
liver homogenate. The homogenate was prepared by blending liver in
sterile normal saline and centrifuged at 800 G for 15 minutes. The
supernatant was collected and subsequently passed through 0.45 um
and 0.22 um filters. Streptomycin (200 ug/ul) and gentamicin (100
ug/ul) were added to the filtrate before 1 ml per bird was
inoculated subcutaneously. Livers were collected from birds that
died showing hydropericarditis within 24-48 hours after
inoculation. The livers were again homogenized, clarified and
filtered as above. The filterate was pelleted at 80,000 G for 2
hours using an SW 28 rotor. The pelleted virus was suspended in
Tris buffer saline (TBS) (10 mM Tris, 150 mM NaCl,pH 7.6) and
further purified by centrifuging through a 35% sucrose cushion at
90,000 G for 90 minutes.

The LDSO for the purified preparation was calculated after
inoculating 15-day-old chicks using the Reed and Muench method
(Reed and Muenchm 1938). A virus titer of 103'4 LD50 in 0.1.ml was
used for inoculation of chicks throughout this study.

Chickens

The birds used in this study were commercial broiler chickens
obtained from a local hatchery, which used eggs from Hubbard breed
hens reared locally. The parent stock was never vaccinated with
HPS vacccine, but Newcastle Disease virus (NDV) Lasota vaccinations
.were performed on day 2, 15, and 28 via drinking water and.at 20

weeks of age by inoculation with a killed oil emulsion NDV vaccine
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(Solvay, U.S.A). All the chicks were tested for the presence of
antibodies against Reovirus, infectious bursal disease virus, NDV
and adenovirus-127, and adenovirus serotype-1 group antigen. The
birds showing negative titres against the above viruses were
included in the HPS experiment. The chicks were maintained in an
isolation room at the Animal Science Institute. National
Agricultrual Research Centre, Islamabad.

NDV Vaccine

To assess the serologic response in adenovirus-infected birds,
the chickens were first vaccinated wich HPS vaccine. and 4 days
later were vaccinated using the evedrop method with 0.03 ml (106'2
EIDm/chick) of the B-1 type lasota strain (Intervet, U.S.A). The
birds were examined for serologic response evaluation azainst NDV
vaccine using a haemagglutination inhibition (HI) test.

Agar gel precipitation (AGP) test

AGP tests were conducted on serum samples to detect HPS-
associated adenovirus antibodies, following the standard protocol
(Crowl, 1973).

Haemagglutination inhibition test

An HI test was used to measure antibodies to NDV using 10
haemagglutinating units according to the Beta procedure as
described elsewhere (Giambrone et al., 1976). HI titres were
detéermined in all chickens, and the geometric mean titer (GMT) Qas
calculated for each group.

Dot-immunobinding assay (DIA)

For the detection of viral antigens from the organs of infected

birds, DIA was standardized and then employed as follows.
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Antigen preparation

Selected organs were triturated in TBS and clarified by
centrifuging at 800 G for 10 minutes.

Antisera preparation

The above-described adenovirus preparation was used to raise
hyperimmune serum in chickens. For this purpose, three 4-week old
birds were injected intramuscularly with 1 ml of formalin-treated
HPS-associated adenovirus isolate PARC-1, emulsified in an equal
quantity of Fruend’s complete adjuvant. Two weeks later, a similar
virus preparation was emulsified with incomplete Fruend's adjuvant,
and 1 ml per bird was injected. Three weeks later, serum of these
birds was collected and tested by AGP to detect adenovirus
antibodies.

Assay procedure

The DIA was conducted using a dot-blot apparatus (Bio Rad,
U.%.A.); Nitrocellulose sheets of 0.45 um pore size were used for
transferring the antigen according to a standardized procedure
(Gorden and Biling, 1988). The antigen-bl!otted sheets were air-
dried for 1 hour at room temperature, and unreacted protein sites
were blocked by immersing and soaking the sheet in 2% fish gelatin
(Sigma, U.S.A.) for 90 minutes. The sheets were placed in HPS-
associated adenovirus hyperimmune serum diluted to 1:50 in TBS, for
1 hour at room temperature on a shaker. After washing three times
in TBS for 5 minutes each, the sheets were submerged in anti-
chicken HRP-labeled conjugate (Sigma, U.S.A.), diluted 1:1000, for
90 minutes. The sheets were washed three times, developed iﬁ 50 mM

TBS containing 0.15% diaminobenizidine, 0.04% NiClz,and 0.02%1502.
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The reaction was allowed to proceed for 10 minutes. The sheets
were washed in tap water and air- dried before visual
interpretation of the results. In positive samples, the site of
Ag-Ab complex turned slate black.
Experimental Design
Experiment #1

For the immunosuppression experiment 40 day-old broilers were
divided into four groups of ten each (Table 1). The birds were
housed in separate cages. At 2 weeks of age, all the chickens were
bled, and the serum was collected for AGP and HI tests for antibody
detection égainst HPS infection and NDV vaccine, respectively. The
birds of groups 1 and 4 were inoculated with HPS-associated
adenovirus subcutaneously at 15 days of age. At 20 days of age,
groups 2 and 4 were vaccinated with NDV vaccine by eye drop. Group
3 was inoculated with liver from un?nfected birds. The birds were
bled every third day up fo 36 days of age, and HI antibody titres
against NDV were determined (Table 1). All the groups were tested
for HPS-associated adenovirus antibodies by AGP 21 days after
inoculation.

Experiment # 2

For virus dissemination studies, 30 one-day old broilers were
divided into six groups of 5 birds each and kept in separate cages.
The birds in the first five groups were infected with adenovirus
subcutaneously at 15 days of age, birds from the 6th group were
uninfected controls. All five birds from each test group and one
control were sacrificed at 12, 24, 36, 48 & 60 hr post-inoculation,.

Liver, spleen, thymus, bursa of Fabricius and caecal tonsils were
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collected from each bird and frozen at -20C to be used for DIA.
Experiment #3

For the reproduction of disease from various organs of HPS-
infected birds, 20-day-old broilers were divided into two groups:
a test group of 15 and a control group of S. The lymphoid organs
collected from the experiment on virus dissemination were
triturated and injected into the test group. Of the 15 birds used
for the virus infection, 3 were sacrificed at 12, 24, 36, 48, and
60 hours post-infection. One bird from the uninfected control
group was included each time the birds were sacrificed.
RESULTS
Experiment #1

In the immunosuppression experiment (Table la), group 4 acted
as the test group for studying the immunosuppressive effect of HPS-
associated adenovirus. No clinical signs of infection were seen in
8 birds out of group 4. Two of theAbirds from this group died 36
hours post-inoculation with typical lesions of HPS. Birds 1in
groups 1 and 4 examined for HPS antibodies by AGP test at 2 weeks
post-infection were positive, with 1:80 dilution of the serum.
Birds in groups 1 and 3 tested for NDV antibodies had GMT HI titre
of >10, whereas group 2 had GMT of 160, and group 4 had GMT of 49
between 3 and 20 days post-vaccination (Table 1b). These results
indicate lowered immune response in adenovirus-infected birds of
group 4.
Experiment #2

Results of the DIA conducted on the organs for the detéction

of viral antigens are shown in Table 2. Adenovirus antigens were
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detected in spleen, thymus, bursa, and liver at varying time
intervals post-inoculation. No antigen was detected in specimens
of caecal tonsils at any stage of infection. Two of the S birds in
group 4, which were to be sacrificed at 48 hours post-inoculation,
died of HPS, showing typical hydropericarditis. Liver and spleen
were the only organs that retained the viral antigens beyond 60
hours post-infection. Clearance of viral antigen was detected in
thymus and bursa after 48 hours post-infection (Table 2).
Experiment #3

In the disease reproduction experiment, HPS was reproduced
using liver and all the lymphoid organs from the birds sacrificed
at varying time intervals post-inoculation (Table 3).
DISCUSSION

Based on various biological properties of the HPS-associated
fowl adenovirus and the nautre of lesions produced by this isolate,
a close association is indicated between this isolate and other
isolates of fowl adenovirus incriminated in inclusion body
hepatitis (MacPherson et al.,1974). The mechanism of HPS-associated
fowl adenovirus has not been thoroughly investigated thus far.
Earlier attempts to demonstrate a pathogen in tissues other than
liver from birds that died of HPS were unsuccessful (Ahmad et
al.,1989). Liver has been identified as the major organ showing
histcpathological changes along with the presence of intranuclear
basophilic inclusions in the hepatocytes (Anjum et al., 1989;
Cheema et al., 1989; MacPherson et al., 1974), No evidence has
been recorded regarding the presence of HPS-associated adenbvirus

in the lymphoid organs or its involvement as an immunosuppressive



agent.

In this study the lymphoid organ tropism of the virus in
experimentally infected chicks was investigated using DIA. The
results indicate that systemic infection by the virus is extensive,
involving spleen, thymus, and bursa of Fabricius. The role of HPS-
associated adenovirus in nonlymphoid organs remains to be
elucidated, especially in the heart and kidneys where gross
pathological lesions have been reported (MacPherson et al., 1974),
The rate of clearance of the viral antigens from the lymphoid
organs was variable in this study. Viral antigen detection up to
60 hours post-inoculation in liver and spleen, its depletion from
thymus and bursa in 48 hours, and its undetectable titre in caecal
tonsils all indicate variation in the predilection sites of the
virus. Further investigation regarding histopathological changes
in these organs would help in identifying the level of damage
caused by the virus.

Variation has also been observed in the detection of viral
antigens by DIA and its ability to reproduce the HPS-associated
lesions upon reinoculation with various orgens. At such a low
level of infection as that induced by the inoculum during this
study, only a few birds presented typical lesions of HPS. It has
earlier been observed in the field that some birds dying during HPS
outbreaks have had very few detectable lesions at an early stage of
infection (personal communication). No extra pericardial fluid has
been seen in such birds. The disease can now be diagnosed in such
birds at early stages of infection using DIA. The preseﬁce of

infectious virus in lymphoid organs indicates that the virus may be
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involved in modulating responses of the immune System against other
viral infections. Alternatively, these infected cells could serve
as an additional source of virus.

In addition to the antigenic evidence of viral involvement of
the lymphoid organs, the results of this study also indicate that
birds infected with a pathogenic strain of fowl adenovirus (FAV)
have a decreased ability to mount an antibody response to other
viral antigens. Immunosuppression was confirmed by the reduced
serologic response of infected birds against NDV vaccine. The
immunosuppressive effects were seen in the experimental birds
surviving infection, suggesting that a low level of virus infection
in the field may be immunosuppressive. Furthermore, it is possible
that under field conditions, immunosuppression could be exacerbated
by untimely HPS vaccination, poor management practices, and the
presence of other immunosuppressijve agents. Some other strains of
FAV have been reported to compromise the immunological capabilities
of infected chickens(Saifuddin and Wilks, 1991).

Although viral antigens were not detected in most of the
lymphoid organs 60 hours post-infection, the presence of virus in
these organs at Jlow undetectable levels may have a role in
immunosuppression. This could be investigated by employing more
sensitive techniques of viral nucleic acid detection. At present,
formalin-treated autogenous vaccine is being used to combat HPS in
the field. It remains to be determined whether this killed vaccine
has any role in producing an inmmunosuppressive effect in the
vaccinated birds. It would also be appropriate to conduct more

studies to confirm virus replication in lymphoid organs, as well as
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many extra-hepatic sites.

This study can serve as a basis for more extensive analysis of
the kinetics of adenovirus infection of various tissues during the
natural course of virus infection. The systemic distribution of
the virus in lymphoid organs observed here during the course of
experimental infection is critical to understanding the overall
pathologic mechanisms of an adenovirus-induced disease.
MANAGEMENTAL IMPLICATIONS

The results obtained in the present study would help in
devising & new vaccination schedule for the HPS vaccine 1in
broilers. Given the immunosuppressive potential of adenovirus
isolate PARC-1 as identified in this study, it would be more
appropriate to vaccinate the birds at an earlier age, i.e., at day
10 rather than the usual day 17. This would help in avoiding
vaccine failures due to earlier exposure of birds to adenovirus
infection, as the virus exposure before day 15 of age is known to
cause permanant immunosuppression in birds.
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Table

la

Experimental design for studying Immunosuppressive
effects of Adenovirus isolate PARC-1 in broilers.

Tests performed and prescibed age of the bird

Adenovirus NDV NDV Adenovirus
infection vaccination HI Ab titre
({15 days) (20 days) (24,27,30) bv AGPT
33,36 days) (36 days)
+ - - +
- + + -
+ + + +

e e S b G e G G0 T ——— G S SE G - . W e G G e MBS A S G = - v o o -

3
b

Group-3

10 birds per group.

is uninfected control
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Table 1b Immune response against hydropericardium syndrome
and Newcastle disease virus vaccines in
immunosuppression experiment

Groupt HPS antibody  NDV HI antibody titres (GMT)®
by AGPT (36d) 15d 24d 27d 30d 33d 364

1 + (80) 20 18 18 16 10 10

2 - (<10) 20 17 335 57 98 160
3 - (<10) 16 12 15 10 10 10
4 + (80) 20 28 46 35 43 49

°10 birds per group.

DReciprocal of the highest dilution of serum that
completely neutralized 25 ul of 10 HA of NDV-antigen
and expressed as log base 2 titre.

0
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Spleen
Thymus
Bursa of
Fabricius
Caecal
tonsils
Note: All
aden

Detection of Adenovirus 1isolate PARC-1 antigens at
varible time intervals in different organs of infected
broilers using DIA.

Viral Antigen detected at hours post-infection®

12h 24h 36h 48h° 60h
+(3/5) +(4/5) +(5/5) +(5/5) +(5/5)
+(2/5) +(3/5) +(4/5) +(5/5) +(5/5)
+(2/5) +(2/5) +(3/5) +(4/5) -{5/5)
+(1/5) +(3/5) +(3/5) +(3/5) -(5/5)
-(5/5) -(5/5) -(5/5) -(5/5) -(5/5)

the organs in negative contrcl birds were negative for
ovirus antigen.

aFigures in parentheses indicate number of birds found

' pos
2/5 bi

itive of those tested.
rds died of HPS between 36-48 hours post-inoculation.

i
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Table 3. Reproduction of HPS in broilers using various organs
from the infected birds.

Organs
used Mortality with HPS from organs collected at
different time intervals
12 h 25 h 36 h 48 h 60 h
Liver 173 275 173 /3 o/ ]
Spleen 1/3 2/3 1/3 2/3 1/3
Thymus 0/3 1/3 2/3 0/3 0/3
Bursa 1/3 1/3 1/3 1/3 1/3
Caecal tonsils 1/3 0/3 1/3 1/3 1/3
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ABSTRACT

The rate of lateral spread of the agent(s) of hydropericardium
syndrome (HPS) was investigated in three controiled experimental
trials at stocking densities of 0.83, 1.00, and 0.71 fﬁ/bird.
Deliberately inoculated birds served as a source of infection in
exposed groups of 60, 50, and 70 birds in trials Iy, I, and I11
respectively. In cach trial, a control group of birds was also
reared simultaneously. The nonparametric survival functions
(Kaplan-Meier product limit) were fitted to the data and compared
by Mental-Cox and Breslow tests.

In trial I, HPS occurred fairly rapidly, with a median latent
period of 9.5 days (range 5 to 18 days). In trials II and 111, HPS
occurrence followed a nearly similar pattern, with a median latent
period of 13 days (range 6 to 27 days) and 14.5 days (range 7 to 28
days), respectively.

The median daily mortality rates in trials I, 11, and III were
3.4% (range 1.8 to 11.6%), 4.5% (range 2.1 to 10.0%) and 4.5%
(range 1.6 to 8.6%) respectively. The percent cumulative mortality
was 40, 54, and 55.7% in trials I, I, and III, respectively.

Results on median latent period, median daily mortality, and
cumulative mortality from trials I, II, and III did not differ
significantly on both Mantel-Cox (statistics = 3.530, p = 0.1712)
and Breslow (statistics = 2.647, p = 0.266) tests, indicating
nonsignificant differences among the nonparametric survival

functions. The implications of the results are discussed.



INTRODUCTION

Hydropericardium syndrome (HPS) was first observed in the
broiler production area near Angara Goth, Karachi, during August
1987 (Anonymous, 1988), and spread rapidly to broiler production
units throughout Pakistan within a vear (Anjum et al., 1989). The
syndrome is typically observed in 3- to S5-week-old growing broiler
chickens, and results in up to 60% mortality. It is characterized
by the accumulation of <clear, straw-colored fluid in the
pericardium; a swollen, discolored and friable liver; and pale
enlarged kidneys with distended tubules (Anonymous, 1988; Jaffery,
1988; Anjum et al., 1989; Cheema et al., 1989; Afzal and Ahmad,
1990; Ahmad et al., 1989).

The aetiology of the discase is unknown. The disease can be
reproduced by the inoculation of susceptible birds with a bacteria-
free liver hdmogenate from an affected bird (Khawaja et al., 1988;
Ahmad et al., 1989; Anjum et al., 1989; Cheema et al., 1989;
Chishti et al., 1989). An adenovirus has also been detected in
liver of infected birds by electron microscopy (Cheema et al.,
1989). However, several serotypes of adenovirus have also been
isolated from infected livers (Saagy, 1989). Further aetiological
studies have indicated that in addition to an adenovirus, some
other agent is also involved in causing the disease, but that agent
requires co-infection by an adenovirus for the reproduction of
typical signs of the syndrome. The nature of this agent remains
unknown because no virus or virus-like particle could be séen by

electron microscopy (Afzal et al., 1991).
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Epidemiological studies suggest that HPS is contagious in
nature (Akhtar et al., 1992), and that once it appears in the
floc" the syndrome continues to affect susceptible birds (Akhtar
and Cheema, 1990). However, information on the rate of lateral
spread of the aetiologic agent(s) of HPS is lacking.

The objective of the present studv was to investigate the
kinetics of lateral spread of the agent(s) of HPS under
experimental conditions using a method of survival analysis. This
analysis provides a quantitative summary of ‘'survival', a term
applying to individuals that appear to have escaped infection at
any time a group is experiencing a spreading infection. Survival
analysis also adjusts for thcse birds that fail to develop the
disease by the termination of the experiment,

Information on the rate of lateral spread may be useful for
pinpointing the time when the infection might have been introduced
into the flock, and may help in tracing the source of infection and

formulating a disease prevention programs.

MATERIALS AND METHODS
Chickens
Day-old chickens of the Hubbard strain were procured from a

! The birds were determined to be free of HPS at

commercial source.
the start of each experiment. This was done by conducting necrop