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Abstract 

Twenty eight-day old plants of two spring wheat cultivars dif- 
fering in salinity tolerance were subjected to varying levels of 

1 nitrogen (56, 112, and 224 mg N.kg soil) for 42 days. Both 
cultivars performed differently under varying soil N levels in 
terms of growth, and grain yield and yield components. Nitro- 

1 gen levels, 112 and 224 mg.kg- soil, caused maximal growth 
in Sarsabz and Barani-83, respectively. Cv Sarsabz maintained 
higher leaf water and turgor potentials, but lower leaf osmotic 
potential than those of Barani-83 at all external N regimes. 
Sarsabz had higher Chl a, Chl b and carotenoids contents in 
leaves than those in Barani-83 at 56 and 112 mg N.kg -! soil. 
Sarsabz had higher contents of leaf soluble proteins, soluble 
sugars, and free amino acids than those in Barani-83 at all ex- 
ternal N levels. In Barani-83 net CO2 assimilation rate re- 
mained almost unchanged, whereas in Sarsabz it decreased 
consistently with increase in external N level. The better 
growth performance of Sarsabaz as compared to Barani-83 un- 
der varying soil N levels except 224 mg N.kg-1 soil was associ- 
ated with maintenance of high leaf turgor potential but not with 
net CO2 assimilation rate. 

Introduction 

The deficiency of  nitrogen causes serious physio- 
logical disorders in plants. Nitrogen deficient  

spring wheat  had slower rates of  leaf emergence 
(Longnecker and Robson 1994). The rate of photo- 
synthetic CO2 fixation often shows a strong posi- 
tive correlation with leaf nitrogen content (Nevins 
and Loomis 1970, Marschner 1995). Thus any se- 
vere reduction in leafN content as brought about by 
insufficient N supply to the plants is likely to de- 
crease photosynthesis (Dietz and Harris 1997). 

Ni t rogen nutrition enhances metabolic processes 
that influence the physico-chemical environment at 
the soil root interface, modifies rhizospheric condi- 
tions, interferes with cations and anions, and en- 
hances the activity of  several enzymes (Fernandes 
and Rossiello 1995). But under high nitrogen rate 
activities of  PEP carboxylase and RuBP carboxy- 
lase/oxygenase decreased thereby decreasing the 
rate of  photosynthesis (Greef 1994). 

T h e  present study was conducted to examine the 
effect of  different levels of  nitrogen fertilization on 
two spring wheat cultivars (Cv. Sa r sabz -  salt toler- 
ant, Cv. Barani-83 - salt sensitive) in respect to 
photosynthetic capacity and grain yield under non- 
saline conditions, as most of  the cultivars devel- 
oped for salt affected areas are also grown on nor- 
mal non-saline soils. 
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Materials  and Methods  

The  experiment was carried out in a glasshouse at 
the Nuclear Institute for Agriculture and Biology 
(NIAB, Faisalabad) during winter 1999/2000. The 
average daylength throughout the experiment was 
11.2 + 1.1 h, light intensity 1278 + 156 pmol.m-2-s -1, 
RH 56.7 % and day/night temperature 31.8/18.6 °C. 
Soil used for the experiment, was analyzed for the 
various physico-chemical characteristics in tripli- 
cate (Table 1). 

Table 1. Physico-chemical properties of the soil used in the 
study 

Chemical properties 

NO3--N (mg kg "1 dry soil) 

Ca2++Mg 2+ (meq/L dry soil) 

K + (mg kg-1 dry soil) 

Na ÷ (mg kgl dry soil) 

6.23:1:1.11 

6.93:t-0.94 

162+8.9 

123+6.8 

Physical properties 

Saturation percentage 32.5+4.3 

pH 7.84+1.3 

Electrical conductivity of saturation s o i l  2.37:~0.21 
extract (ECe dS/cm) 

Textural class Sandy loam 

Seed of cv. Barani-83 of spring wheat (Triticum 
aestivum L.) was obtained from the Department of 
Botany, University of  Agriculture, Faisalabad, 
whereas that of cv. Sarsabz from NIAB, Faisalabad. 
Plastic pots (24 cm diameter and 28 cm deep) were 
filled with air-dried soil. Twenty seeds of each vari- 
ety were sown directly into each pot. Thinning was 
done 15 days after germination to keep 12 plants in 
each pot. N treatment (urea) was started 28 days af- 
ter germination. The N levels applied were: 56 
(low), 112 (moderate), and 224 (high) mg N-kg -1. 
Pots were daily maintained at field water capacity 
to avoid the leaching of nutrients. A completely 
randomized design was used in this experiment 
with five replications per each treatment. 

Three plants from each pot were harvested at day 
21 (1 st harvest) and at day 42 (2nd harvest) after the 
start of urea treatments. All physiological parame- 
ters were measured just before the second harvest. 

Leaf water potential 

A fully expanded youngest leaf (third from the top) 
was excised from each plant at 8.00 a.m. and the 
leaf water potential measurements were made with 
a Scholander type pressure chamber (Arimad-2, Ja- 
pan). 

Leaf osmotic potential 

A proportion of the leaf used for water potential de- 
termination was frozen for two weeks, thawed and 
the frozen sap was extracted by crushing the mate- 
rial with a metal rod. After centrifugation (8000 g x 
4 min), the supernatant was used directly for os- 
motic potential determination in a freezing point 
depression osmometer (Osmolette-S, Japan). 

Leaf turgor potential 

It was calculated as the difference between leaf os- 
motic potential and water potential values. 

Chlorophyll and carotenoid contents 

Determination of chlorophyll content was carried 
out following the method described by Arnon 
(1949) and carotenoids according to the method of 
Davies (1976). One gram of fresh leaves was 
triturated in 80 % acetone. The optical density was 
measured spectrophotometrically at 480, 645,652, 
and 663 nm (Hitachi U-2000). 

Soluble proteins 

Total soluble proteins were determined as de- 
scribed by Lowry et aL (1951). Fresh leaf material 
(0.2 g of third leaf) was homogenized in 4 cm 3 of 
0.1 M sodium phosphate buffer (pH = 7.0) and cen- 
trifuged at 20,000 g x 5 min. The optical density 
was read at 620 nm. 

Total free  amino acids 

Total free amino acids of  third leaf were deter- 
mined following Hamilton and Van Slyke (1943). 
One cm 3 of extract was treated with I cm 3 of 10 % 
pyridine and 1 cm 3 of 2 % ninhydrin solution. Opti- 
cal density was read at 570 nm. 
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Total soluble sugars 

Soluble sugars were determined following Yemm 
and Willis (1954). Well ground dry leaf material 
(0.1 g of third leaf) was homogenized in hot 80 % 
ethanol and centrifuged at 2,900 g x 10 rain. The 
residue was retained and repeatedly washed with 80 
% ethanol to remove all the traces of soluble sugars. 
The filtrate obtained was treated with anthrone re- 
agent. Absorbance was read at 625 nm. 

Gas exchange parameters 

Measurements of net CO2 assimilation rate (A), 
transpiration (E) and stomatal conductance (gs) 
were made on third leaf of each plant using an open 
system LCA-4 ADC portable infrared gas analyzer 
(Analytical Development Company, Hoddesdon, 
England). Measurements were performed from 
9:30 to 11:30 a.m. under the following conditions: 
molar flow of air per unit leaf area 348.4 mmol-m -2, 
atmospheric pressure 99.8 kPa, water vapour pres- 
sure ranged from 7.6 to 8.8 mbar, PAR at leaf sur- 
face was maximum up to 1385 ~rnol.m-2.s -1, tem- 
perature of leaf ranged from 31.3 to 36.2 °C, ambi- 
ent temperature ranged from 24.2 to 31.3 °C, ambi- 
ent C O  2 concentration 352 lamol.mo1-1, tempera- 
ture of leaf chamber varied from 29.4 to 36.5 °C. 

Growth analysis 

After  all the physiological measurements, the 
plants were harvested. Roots were carefully re- 
moved from the soil and washed for 2-3 min in dis- 
tilled water. Fresh weight of shoots and roots was 
recorded. Samples were kept at 65 °C for one week 
and dry weight was recorded. Data for grain yield 
and yield components were recorded at plant ma- 
turity. 

The  following growth parameters were calculated 
using the formulae listed below: 
(1) Leaf area ratio (LAR) = Leaf area per plant/dry 
weight of. shoot 
(2) Specific leaf weight (SLW) 

SLW = dry wt. of leaves per plant (rag) 

leaf area per plant (cm 2 ) 

Fig. 1. Growth parameters of two cultivars of spring wheat 
when 28 day-old plants were subjected to varying levels of ni- 
trogen for 42 days (n = 5). 

(3) Relative growth rate (RGR) = (I/W) x (dW/dt) 
(g.g-l.day-l) where W is dry weight of shoot, dW is 
difference in dry weights of shoots at two time in- 
tervals (15 and 30 days), and dt is difference in 
time, i.e. days. 
(4) Net assimilation rate 

(NAR) - (Wz - Wl )(lnL2 - lnL~ ) 

(t 2 - t , ) (L  2 -L~) 

W2 and Wl are dry weights, and L2 and L1 are leaf 
areas of shoots at times t l and t2 (15 and 30 days, re- 
spectively). 

Statistical analysis of data 

A n a l y s i s o f  var iance  was compu ted  using 
COSTAT computer package (CoHort Software, 
Berkeley CA). The least significant differences be- 
tween the mean values were calculated following 
Snedecor and Cochran (1980). Correlation coeffi- 
cients ( r )  for net CO2 assimilation rate vs. grain 
yield, shoot fresh weight, or shoot dry weight were 
worked out using the COSTAT package. 
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Resu l t s  

Physico-chemical properties of the soil used in the 
study are presented in Table 1. Shoot fresh and dry 
weight and leaf area increased significantly with in- 
crease in external N regime in Barani-83 and these 
parameters were maximal at 224 mg N.kg -1 of soil 
(Fig. 1). In contrast, in Sarsabz the first two parame- 
ters remained almost unaffected at different N lev- 
els, whereas leaf area per plant was maximal at 112 
mg N.kg -1 of soil (Fig. 1). Relative growth rate in 
Barani-83 was maximal at 224 mg N.kg -1 of soil, 
whereas in Sarsabz RGR remained unaffected with 
increase in external N level (Table 2). Leaf area ra- 
tio decreased significantly in Barani-83 with in- 
crease in soil N, but in contrast to Sarsabz it re- 
mained almost unchanged. Specific leaf weight and 
net assimilation rate (NAR) increased in Barani-83 
with increasing supply of soil N, but the reverse was 
true in Sarsabz (Table 2). Cv. Barani-83 had a maxi- 
mal grain yield, 100-grain weight, and grains per 
spike at 224 mg N.kg 1 soil, whereas Sarsabz at 112 
mg N.kg -l soil (Table 2). Grains/spikelet in both the 
cultivars remained almost unchanged at all external 
N regimes (data not shown). 

Chlorophylls a and b increased in Barani=83 with 
increase in N supply in the growth medium, where- 
as in Sarsabz there was a significant decrease in 
both the pigments at 224 mg N.kg 1 soil (Table 3). 
Chlorophyll afo ratios remained unchanged in 
Barani-83 at varying N regimes, whereas it in- 
creased consistently in Sarsabz with increasing 
supply of external N (data not shown). Carotenoids 
in both cultivars were higher at the two higher ex- 
ternal N levels. Although statistically non-signi- 
ficant, Sarsabz had higher Chl a, Chl b and caroten- 
oids contents in leaves than those of B arani-83 at all 
external N regimes (Table 3). 

Total leaf soluble proteins in Barani-83 remained 
almost unaffected at varying N regimes, but in con- 
trast there was a marked increase in Sarsabz at 
higher external N regimes (Table 3). Cv. Sarsabz 
had markedly higher leaf soluble proteins than 
Barani-83 at all external N levels. 

Although there was no significant effect of differ- 
ent soil N levels on leaf free amino acids, cultivars 
differed significantly in this variable (Table 3). 
Generally, Sarsabz had significantly higher content 

Table 2. Different growth and yield parameters (_+SE) of two cultivars of spring wheat when 28 day-old plants were subjected to 
varying levels of nitrogen for 42 days (n = 5). 

N fertilization level (mg kg l) 

56 112 224 

Relative growth rate (g-g- I day I) 

Leaf area ratio (cm-2.g -1 shoot) 

Specific leaf weight (mg leaf dry wt..cm -2 leaf area) 

Net assimilation rate (mg dry wt..cm -2 leaf area-day -1) 

Grain yield (g) 

100 grain weight (g) 

Grains spike q 

Barani-83 0.032-+0.002a 0.036+0.002a 0.046+0.003b 

Sarsabz  0.046+0.001b 0.046_+0.002b 0.045±0.001b 

Barani-83 406.7_+27.7a 307.4±12.8b 282.4_+17.0b 

Sarsabz 220.9+21.3c 290.1±55.4b 246.9_+38.4bc 

Barani-83 1.60±0.120a 2.29±0.245b 2.15_+0.109b 

Sarsabz 2.63_+0.268c 2.43_+0.293b 2.43_+0.219b 

Barani-83 0.160+0.049a 0.219_+0.021b 0.363-+0.009c 

Sarsabz 0.413_+0.05 ld 0.337+0.006c 0.328_+0.016c 

Barani-83 1.50_+0.17a 1.67_+0.15a 2.96+0.30b 

Sarsabz 1.95_+0.16a 2.67-+-0.23b 2.43_+0.3 lbc 

Barani-83 2.75_+0.17a 3.11-+0.16a 3.86_0.15b 

Sarsabz 3.44_+0.2 lb 3.80_+0.30b 3.47-+0.17b 

Barani-83 37.27-+2.78a 39.31 ±2.04a 44.09-+2.04b 

Sarsabz 36.36-+1.25a 41.48_+1.70ab 39.77-+2.15a 

Means with the same letters within each parameter do not differ significantly at the 5 % level. 
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Table 3. Chlorophyll content and different organic solutes (+SE) of two cultivars of spring wheat when 28 day-old plants were sub- 
jected to varying levels of nitrogen for 42 days (n = 5). 

N fertilization level (mg-kg 1) 
56 112 224 

Chlorophyll a (mg-g -1 fresh weight) 

Chlorophyll b (mg.g 1 flesh weight) 

Carotenoids (pg.gq fresh weight) 

Total soluble proteins (mg.g -l fresh weight) 

Free amino acids (mg.g 1 fresh weight) 

Soluble sugars (mg.g -~ fresh weight) 

Barani-83 0.283-+0.023a 0.299+0.018a 0.328_+0.015b 

Sa r sabz  0.321-+0.009b 0.322+0.046b 0.296+0.023a 

Barani-83 0.234-+01025a 0,247+0.037a 0.289+0.027b 

Sa r sabz  0.309_+0.054b 0.276+0.027b 0.224+0.043a 

Barani-83 7.13+_0.59a 8.63-+0.20b 8.32_+0.28b 

Sarsabz 8.03+0.33b 9 .05+0.35c  9.01_+0.17c 

Barani-83 1.18_+0.06a 1 .23+0.02a 1.18_+0.06a 

Sarsabz 1.84+0.14b 2 .45+0.13c  2.36_+0.19c 

Barani-83 1.14+0.24a 1 .05+0.19a 0,89_+0.09a 

Sarsabz 2.25+0.21 b 2.10_+0.27b 2.13-+0.21 b 

Barani-83 7.85-+0.84a 7.09_+0.89a 6.32+0.64a 

Sarsabz 11.16+0.77b 8.74_+0.71 a 10.90_+2.25b 

Means with the same letters within each parameter do not differ significantly at the 5 % level. 

of free amino acids as compared to Barani-83 at all 
external N regimes. 

There was no-significant effect of different soil N 
levels on leaf soluble sugars, but cultivars differed 
significantly in response to N levels with respect to 
soluble sugars. Cv Sarsabz again had significantly 
greater leaf soluble sugars compared with Barani-83 
at all N regimes except 112 mg N.kg -1 (Table 3). 

Lea f  water potential in Barani-83 had a slightly in- 
creasing trend with increasing supply of external N. 
However, leaf osmotic potential and turgor poten- 
tial in both cultivars remained unaffected at varying 
N regimes (Table 4). However, generally, Sarsabz 
had lower osmotic potential and higher leaf water 
and turgot potentials than those of Barani-83 at all 
external N regimes (Table 4). 

Addition of nitrogen to the rooting medium of two 
spring wheat cultivars had a significant effect on 
net CO2 assimilation rate (p<0.001) (Table 4). Net 
CO2 assimilation rate was maximal in Barani-83 at 
224 mg N.kg -1 soil, whereas that in Sarsabz at 56 
mg N.kg -1 soil. In the latter cultivar there was a 
sharp decline in net CO2 assimilation rate at 224 mg 
N-kg -1 soil compared with Barani-83. Stomatal 

conductance decreased in both cultivars with in- 
crease in N supply, but the decrease in stomatal 
conductance was more drastic in Sarsabz than in 
Barani-83 (Table 4). Transpiration remained unaf- 
fected in Barani-83, but there was a marked de- 
crease in this variable in Sarsabz with increase in 
external N supply. Water use efficiency (WUE) re- 
mained unaffected in Barani-83 at varying N re- 
gimes, whereas in Sarsabz the maximal WUE was 
observed at 112 mg N.kg -1 soil. However, WUE 
was higher in Barani-83 than that in Sarsabz at 56 
and 224 mg N-kg -1 soil. Intrinsic water use effi- 
ciency (A/gs) increased consistently in both culti- 
vars with increasing supply of N, but Sarsabz had 
generally greater A/gs values than those in Bara- 
ni-83. Relative intercellular CO2 concentration 
[intercellular CO2/ambient CO2 (Ci/Ca)] remained 
almost unchanged in Barani-83 at all external nitro- 
gen regimes (Table 4), whereas in contrast, in Sar- 
sabz it increased consistently with increase in exter- 
nal N supply. 

A positive correlation was found between net CO2 
assimilation rate and grain yield (r = 0.982ns) and 
plant biomass (with Ewt r = 0.947ns and with D.wt 
r = 0.966ns) in Barani-83 at different N levels in the 
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Table 4. Water relations and gas exchange parameters (_+SE) of two cultivars of spring wheat when 28 day-old plants were sub- 
jected to varying levels of nitrogen for 42 days (n = 5). 

N feailizationlevel(mg.kg -~) 

56 112 224 

Water relation parameters 

Water potential (-MPa) 

Osmotic potential (-MPa) 

Turgor potential (MPa) 

Barani-83 1 .18_+0.23a  0 .58_+0.15b 0.75+-0.12ab 

Sarsabz 0.61±0.12ab 0.38_+0.07c 0.59+-0.14b 

Barani-83 1 . 3 9 + - 0 . 1 4 a  1.48__-0.15a 1.55+-0.15a 

Sarsabz 1.81+0.02b 1.91_+0.09b 1.86+-0.1 lb 

Barani-83 0 . 4 3 + - 0 . 1 6 a  0.69+0.12b 0.68±0.1 lb 

Sarsabz 1.25±0.13c 1.55+-0.11 c 1.29+-0.19c 

Gas exchange parameters 

CO2 assimilation rate (lamol CO2.m2.s l )  

Stomatal conductance (gs) (mmol.m-2.s - !) 

Transpiration rate (E) (mmol.m-2.s l )  

WUE (lamol CO2/mmol H20) 

A/gs (lamol CO2.mmol 1) 

Ci/Ca 

Barani-83 10.40_0.45a 10 .27+0.38a  11.67+0.64b 

Sarsabz 13.32+_1.29c 11 .93+1 .02b  6.07±1.41d 

Barani-83 100.36+-7.64a 88.36+-3.27b 93.81_+12.54ab 

Sarsabz 80.72+-3.28b 52.36_+4.91c 32.72+10o 91d 

Barani-83 2.90+0.20a 3 .09+-0 .68a  3.18+-0.32a 

Sarsabz 4.68_+0.1 lb 3.55_+0.14c 2.41-+0.57d 

Barani-83 3.73+-0.25a 3 .38+-0 .16a  3.85±0.43a 

Sarsabz 2.93+0.50b 3.54±0.39a 2.93±0.91b 

Barani-83 0 .105+-0.008a 0.121-+0.003a 0.140+-0.018b 

Sarsabz 0.168+-0.021c 0.229-+0.009d 0.216+-0.050d 

Barani-83 0.229_+0.024a 0.232+0.005a 0.261_+0.016a 

Sarsabz 0.160-+0.010b 0.218+0.019a 0.241+-0.019a 

Means with the same letters within each parameter do not differ significantly at the 5 % level. 

present study (Table 5). In contrast, in the salt toler- 
ant cv. Sarsabz there was a negative correlation (r = 
-0.363ns) between net CO2 assimilation rate and 
grain yield. 

Discussion 

B a s e d  on data presented here for plant b iomass  and 
growth analysis at the vegetat ive stage and on seed 
yield, the response of  salt tolerant Sarsabz to vary- 

ing N levels differed at both  growth stages, but in 

contrast,  the per formance  of  salt sensitive Bara- 
ni-83 remained a lmost  unchanged at both growth 

stages. The  different response of  the two spring 
wheat  cultivars to different N levels can be partially 

related to the earlier findings showing considerable 
variat ion in responses among  cultivars/lines to N 

deficiency in wheat  (Chandler 1970, Haeder  et 

a/.1977), rice (Kemmle r  1972) and sorghum (De 
1974). In an earlier study, Ashraf  and Zafar (1996) 

found that a salt tolerant line ILL-6793 a legumi- 
nous crop lentil (Lens  cul ivar is  Medic.)  maintained 
considerably higher growth at low N regimes com- 

Table 5. Correlation coefficients (r) between net CO2 assimila- 
tion rate (A) and grain yield, shoot fresh weight or shoot dry 
weight of two wheat cultivars. 

Sarsabz Barani-83 

A vs. Grain yield -0.363 ns 0.982ns 

A vs. Shoot fresh wt. 0.722ns 0.966ns 

A vs. Shoot dry wt. 0.942ns 0.947ns 

ns = non-significant 
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pared with the salt sensitive line ILL-6439. In the 
present study the higher growth of the salt tolerant 
line in comparison with the salt sensitive line at low 
N levels was ascribed to the higher N use effi- 
ciency. A similar situation was found in the two 
spring wheat cultivars examined here because the 
salt tolerant line Sarsabz showed relatively better 
growth as compared to the salt sensitive Barani-83 
under low N levels. The salt tolerant cultivar 
Sarsabz has a great adaptability to saline conditions 
(Anonymous 1997) so its adaptation to low nitro- 
gen levels might also be expected in view of the fact 
that saline soils, in particular sodium saline soils, 
are deficient in N among the others essential inor- 
ganic nutrients (Ponnamperuma 1976, Seemann 
and Sharkey 1986, Ashraf and McNeilly 1994). In 
contrast, Barani-83 was originally bred for 
drought-hit areas (Ashraf et  al. 1994) where nitro- 
gen deficiency is also encountered (Bidinger et  al. 

1987, Van Oosterom et  al. 1995) but poor growth of 
this cultivar at low N regimes is not easy to explain. 

Every cultivar/line of a crop has its own specific re- 
quirement of N or other nutrients for the optimal 
growth (Mengel and Kirkby 1987, Marschner 
1995), so is the case of the two wheat cultivars un- 
der test. Barani-83 grew well at 224 mg.kg -1 soil, a 
nitrogen level suitable for the optimal growth of 
other cereals as suggested by Epstein (1972). In 
contrast, the growth of Sarsabz at the vegetative 
stage was almost the same at all different nitrogen 
levels, but at the adult stage this cultivar showed 
maximal growth at 112 mg.kg -1 soil. 

A decrease in net CO2 assimilation rate has been 
ascribed to the decline in stomatal conductance, in- 
hibition of specific metabolic processes in carbon 
uptake, suppression of photochemical capacity, or a 
combined effect of all these processes (Baker 1996, 
Taiz and Zeiger 1998). In the present study, the CO2 
assimilation rate and stomatal conductance of both 
lines were positively related and the former vari- 
able also had a positive association with transpira- 
tion. If the rate of carbon assimilation was entirely 
dependent on the stomatal closure, Ci would be ex- 
pected to be lower in leaves of plants subjected to 
low or high nitrogen levels. But it is evident from 
the data of relative intercellular CO 2 concentration 
(Table 3) that in Barani-83, none of the N levels af- 
fected intercellular CO 2 concentration. Similarly, 

in Sarsabz no consistent pattern of increase or de- 
crease in relative intercellular CO 2 concentration 
was found. This indicates a decrease in carbon fixa- 
tion by the chloroplasts (Yeo et  al. 1985) and also 
suggests that stomatal conductance was not the 
principal factor affecting photosynthesis. Consta- 
ble and Rawson (1980) reported that similar 
changes occur in stomatal and internal resistances 
during leaf aging thereby causing Ci to remain con- 
stant despite changes in net CO2 assimilation rate. 
Likewise, such changes in net CO2 assimilation 
rate and stomatal resistance were found in water 
stressed sunflower plants with Ci remaining un- 
changed (Krampitz et  al. 1984). 

The reduction in WUE in Barani-83 under low N 
supply was primarily due to the decreased carbon 
assimilation rate. The intrinsic water use efficiency 
in Barani-83 increased at the highest N level, 
whereas in Sarsabz this variable was higher at the 
higher two nitrogen levels. In both the cultivars the 
increase in intrinsic water use efficiency was due to 
simultaneous changes in both net CO2 assimilation 
rate and stomatal conductance. The intrinsic water 
use efficiency and net CO2 assimilation rate were 
negatively correlated (r = -0.48Ins) in Sarsabz. 
This is in contrast to what was earlier found in C4 
dicot A m a r a n t h u s  re trof lexus  (Sage and Pearcy 
1987) and sugarcane (Ranjith and Meinzer 1997). 

Data for leaf water potential had a negative rela- 
tionship with those of stomatal conductance (Table 
3) in two spring wheat cultivars. These results can 
be related to some earlier studies in which it was 
found that reduction in stomatal conductance did 
not affect leaf water potential under water deficit 
conditions in cowpea (Bates and Hall 1981, 
Osonubi 1985) and maize (Blackman and Davies 
1985). Nonetheless, the better growth of Sarsabz 
compared with Barani-83 at varying N regimes can 
be related to its relatively higher leaf turgor poten- 
tial since it is known that turgor potential is one of 
the major factors maintaining plants growth under 
various abiotic stresses (Hsiao 1973, Subbarao et  

al. 1995, Greenway and Munns 1980, Ashraf 1994). 

The salt tolerant cultivar had lower leaf osmotic 
potential as compared to that in the salt sensitive 
cultivar at all external N levels. The differential leaf 
osmotic potentials in the two lines can be easily re- 
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lated to their organic compounds such as soluble 
sugars, soluble proteins and free amino acids since 
the salt tolerant line accumulated these organic 
compounds considerably higher than the salt sensi- 
tive line at almost all N regimes. 

In Sarsabz total soluble proteins were higher at 112 
and 224 mg N.kg l  soil. This is similar to Helal et 
al. (1975) who reported that osmotic stress gener- 
ally enhances incorporation of N into proteins. But 
such pattern of  increase in soluble proteins was not 
found in the salt sensitive Barani-83. 

Chlorophyll a and chlorophyll b had a positive as- 
sociation with net CO2 assimilation rate in both 
cultivars. It is now known that some special chloro- 
phyll a molecules directly take part in the light reac- 
tions of photosynthesis, whereas the remaining 
chlorophyll a and all chlorophyll b molecules along 
with carotenoids and some other compounds act as 
antennae for light harvesting in higher plants (Salis- 
bury and Ross 1992, Taiz and Zeiger 1998). It 
means in the present study that pigments may have 
been affected due to changes in soil N levels 
thereby affecting the net CO 2 assimilation rate 
(Taiz and Zeiger 1998). 

The  optimal N levels were 112 and 224 mg.kg -1 
soil for Sarsabz and Barani-83, respectively. The 
better growth performance in terms of biomass and 
grain yield of  the salt tolerant Sarsabz as compared 
to the salt sensitive Barani-83 was associated with 
maintenance of relatively high leaf turgor potential 
at different N levels but not with net CO2 assimila- 
tion rate. 
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