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Abstract: This experiment was conducted to determine water use efficiency of chickpea
(cv. Arman) under water deficit condition and different mineral N application. The
experiment was arranged in growth chamber of Mohaghegh Ardabili University, Ardabil,
Tran, in 2007, with three nitrogen levels (25, 50 and 75 kg N ha™ as urea) and five irrigation
regimes (soil water content of 25, 45, 65, 85 and 100% field capacity). The experiment was
laid out in randomized complete block design (factorial) experiment with three replications.
Results showed that water stress affect Water Use Efficiency (WUE), Relative Water
Content (RWC), Leaf Area (LA), leaf mumber after stress induction, biomass (above ground
tissues) and root/shoot ratio (R/S) traits. Application of Mineral nitrogen increased water
use efficiency, RWC, leaf area and biomass. Maximum amount of WUE, RWC, biomass and
LA obtained from 75 kg N ha™' under water deficit condition. This experiment revealed that
nitrogen fertilizer could reduce many detrimental effects of water stress. These results also
suggest that using of nitrogen fertilizer in water deficit conditions (such as dry land farming
areas) increase tolerance of plants to stress.
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INTRODUCTION

Drought or water deficit is the most important environmental stress that limits agricultural
production and reduced drought regions out-put (Soltani ef @/, 2001). Water stress limits leaf
expansion and reduces cell turgidity and therefore, stomata closer that reduce CO, uptake and
the photosynthesis. Water stress also disrupts the balance between roots and shoot ratio
(Shangguan ef aif., 2004). Water use efficiency also reduced by increasing root per shoot ratio. Benjamin
and Nielsen (2006) reported that shoot dry weight of water stressed reduced relative to root dry
weight. Water deficit decreased nitrogen fixation in bean (Verdoy et al., 2004). Water deficit reduce
nitrogen fixation, because the nitrogenase 1s more sensitive to the water shortage. The ability of plants
root to deep distribution in soil for water gain is a drought avoidance mechanism. Chickpea roots grow
deeplyin soil at water deficit conditions based on weather and available water and occupied bigger soil
per root unit weight (Benjamin and Nielsen, 2006). Water stress reduces chlorophyll and relative water
content (Chandrasekar ez @f., 2000, Costa-Franca et of., 2000). Water stress significantly decreased
relative water content and membrane stability (Sairam and Srivastava, 2001). Sancoka ef ¢f. (2004)
found that nitrogen fertilizer application at primary growth stage, reduced osmotic potential, with
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increasing nitrogen fertilizer to optimum level and suppose to increase the relative water content. They
showed positive significant correlations between drought period and reduction of plant height, leaf area
and leaf dry weight. Drought stress affects nutrients absorption which may be due to the: (i) reduction
of transport from soil to the rizosphere, (i1) selective absorption of 1ons by roots, (iii) changes in shoot
and root minerals requirement, (iv) transport reduction of elements into the plants and (v) deficiency
or association of ions that cause to metabolic disorders (Alizadeh, 2002). In water deficit conditions
fertilizer application increased photosynthesis and growth (Ghosh ef /., 2004). Shangguan (2004)
showed that the shoot dry weight and leaf gas exchange increased by increasing nitrogen availability
and reduced by less nitrogen availability, whereas root growth had a negative correlation by nitrogen
level. Water stress causes that leaf water potential decreased, leaves lost turgor and leaf area was
reduced dramatically due to wilting in Faba bean (Mwanamwenge ef af., 1999). When stress period was
long, leaf water potential reduced more severely. Goicoechea ef af. (1997) reported that nitrogen
application increased accumulation of compatible solutes. Increase in accurmulation of compatible
solutes such as proline and soluble carbohydrates in water stress conditions may maintain cell turgor,
RWC and LWP. Antolin ef . (1995) reported that nitrogen supplemented in an equal water potential
level had higher relative water content which resulted more yield and WUE. This may result by role
of nitrate in nitrogen supply, its function on osmo-regulation and increase leaf area and stomata
behaviors in water stress conditions. Zhang ef al. (2004) showed that water stress decreased yield,
biomass and evapotranspiration. In view of these facts the present study was undertaken to evaluate.
The aim this study evaluation of the effects mineral nitrogen on water use efficiency and some other
traits of chickpea (cv. Arman) under water deficit condition.

MATERIALS AND METHODS

A factorial experiment (using RCB design) including three nitrogen levels (25, 50 and 75 kg N ha™
as potassium nitrate) and five irrigation schedules (25, 45, 65, 85 and 100% of field capacity) with
three replications was conducted in 2007 in a growth chamber of Mohaghegh Ardabili University,
Ardabil, Iran. Seeds of Arman (a dry land chickpea cultivar in Iran) planted in 2520 ¢m dimension
pots. Day-night temperatures and light period were 25, 18 and 16°C, 8 h, respectively. The soil texture
was loamy with pH about 7.76. Seeds inoculated with bacteria (Mesorhizobium cicer) before planting.
Mineral mitrogen was applied after water deficit induction. Pots were fertilized with 337.5 mg
ammonium phosphate and 112.5 mg potassium sulfate for each pot at planting time (April, 2007).
Field Capacity (FC) of soil calculated as gravimetrically. After plant establishment they thinned for
three plants per pot. Irrigation regimes conducted by daily weighing of the pots to keep of expected
moisture. Leaf RWC estimated from following equation (Clavel ef af., 2006):

RWC = {(F,-D,) / (T,-D,)}x100
Leaf material was weighed (1.0 g) to determine fresh weight (F,) and placed in double-distilled
water for 4 h under dark conditions, then turgid weight (T.) was recorded. Subsequently the samples
were kept in a hot air oven at 65°C for 48 h and then dry weight (D) were recorded. LA and root area
were measured by leaf area meter (model SCANMAN Ci-202, 2006). Root and shoot dried at 75°C
in oven for 48 h and then weighed by 0.001 g balance. WUE calculated as follow (Alizadeh, 2002):
WUE = Dry matter (g)/Water lost (kg)

Number of leaves that emerged and expanded after water stress induction determined the leaf
number after water stress. Leaf Water Potential (LWP) was measured by means of a pressure chamber
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(model ELE, England). At final harvest, the three plants from each pot were harvested and oven dried
at 75°C for 48 h, then weighed by 0.001 g balance. Leaves, stems and roots were weighed separately.
Data was subjected to a standard analysis of variance using SAS statistical software. Least significant
differences (Duncan) tests were done at the (p<0.05) confidence level and Microsoft® Excel software
used to represent the figure.

RESULTS AND DISCUSSION

Mineral nitrogen enhanced water use efficiency (Table 2) and increasing nitrogen application to
50 and 75 kg ha! increased WUE by 15 and 25% (respectively) relative to 25 kg N ha—! (Table 1.
There was significantly (p<0.05) interaction between irrigation regimes and N application (Table 2).
The highest WUE obtained from 85% FC and 75 kg N ha™!. By application of 25 kg N ha™! in sever
stress condition {25% FC), WUE reduced to 0.316 g kg™, but WUE had no significant differences
between 100% and 65 FC (Table 1). Reduction in soil water availability reduced water use efficiency.
Although reduction of water availability from 85-65, 65-45 and 45-25% FC caused a small reduction
of 5.8, 3.2 and 4.8% (respectively) in RWC; but it reduced WUE for 26.9, 24.5 and 28.5%,
respectively. It shows that WUE is more susceptible to decrease relative water content because
stomata opening depending on leaf water status. This reduction also can be related to the shoot growth
reduction resulted from decreasing leaf area under water deficit condition.

Nitrogen application increased WUE by affecting on plant growth. By application of 25 kg ha™'
nitrogen (starter nitrogen) WUE was 0.558 g dry matter per kg used water, whereas WUE increased
25% by increasing mineral mitrogen to 75 kg ha™' and reached to 0.690 g kg™!. Application nitrogen

Table 1: Effect of nitrogen application and water stress on measured traits of chickpea

RWC WUE W *Teaf LA Biomass RA
Treatments (%) (gke ) (MPa) No. (cm?plant™)  (gplant™) R/S (e’ plant™")
Irrigation regimes (FC%)
25 T9.00F 0.3514 -l1.67 3444 46,47 2.348 Q.77 215.81°
45 83.88¢ 0.490° -l.4¢ 577 66.62% 347 0.70° 124.09°
65 87.11° 0.657" -1.27 7.33 86.98° 4.44° 0.64° 107.19°
85 93.00° 0.894¢ -0.98% 10.222 117.53° 4.4 0.62¢ 102.39¢
100 97.66 0.702% -0.91¢ 10.33 149.61* 518 0.62¢ 103.53¢
Nitrogen (kg ha™)
25 86.40F 0.558° -1.3¢0 6.93" 79.51° 3.74¢ Q.69 139.16°
50 88.200 0.609° -1.25 7.86* 91.34 3.08 0.66° 131.07°
75 89,808 0.690* -1.22° 7.86% 10947 4.29° 0.66° 121.58°

Column with same letter(s) have no significant differences to each other. *Remaining leaves number after stress onset

Table 2: Interaction effects of Irrigation regimes (FC %) and Nitrogen levels (kg ha™!) on measured traits.

RWC WUE P *Leaf LA (en?  Biomass RA {om?
Interactions effects (%) (gke ) (MPa) No. plant™!) (g plant™)) RS plant™)
25%FCx25kgN ha™! 98.00%® 0.65% -1.75 3.000 141.3¢¢ 5.13¢ 0.83 234.00*
25% FC=50kg N ha™! 99.00* 0.71%% -l1.66% 3.3% 152.80® 5.19° 0.75 220.71*
25%FC=75kgN ha™! 96.00%® 0.74¢4 -1.60° 4,008 154.73® 5.220 0.74° 192.74°
45%FCx25kgN ha™! 77.00" 031! -1.52 5.0080 38.9¢ 2.37¢8 0.70 137.41°
45%FCx50kg N ha™! 78.6658  0.341 -1.46 5.66% 42.82% 2.53¢ 0.706 123.44%
45%FCx75kgN ha™! 81.33% 0.39H -1.424 6.66% 57.65% 2.408 0.6% 111.44%
65%FCx25kgN ha™! 81.33% 0.478 -1.32 6.33% 64.3 7% 3.66° 0.667 108.88%
65%FC=50kg N ha™ 84.00% 0.48e" -1.28 7.66% 69.08% 3.50° 0.633* 108.20%
65%FC=75kgN ha™! 86.33¢ 0.508k -1.212 8.00¢4 66.43% 3.25f 0.639¢ 104.48¢
85%FCx25kgN ha™! 84.66% 0.53% -1.00" 9,330 70.34% 3.62¢ 0.638° 103.82¢
85% FC=50kg N ha™ 86.66° 0.63% -0.98 10.66® 87.35%4 4.28° 0.62¢ 100.12°
85%FC=75kgN ha™! 90.00¢ 0.81% -0.97 10.66% 103.26° 5420 0.62:fF 100.25¢
100% FCx25 kg N ha ! 91.00° 0.81% -0.945 11000 82.62¢4 3.92¢ 0.61F 111.69%
1000 FC=x50 kg Nha™! 92.66® 087 -0.91! 12,000 104.66° 4.41° 0.62¢ 99.87°
10096 FCx75 kg N ha!  95.33* 0.98* -0.90 8.004 165.3(¢ 5.15¢ 0.62F 99.03¢

Column with same letter(s) have no significant differences to each other. *Remaining leaves number after stress onset
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increased water use efficiency (Antolin ef al., 1995, Athar and Johnson, 1996). Reca ef al. (2001) also
showed that yield reduction under water deficit condition leads to low water use efficiency.

Relative Water Content (RWC) reduced significantly by water deficiency. Relative water content
of 25% FC was 14.4% lower than 100% FC (Table 1), but mineral mtrogen applying improved RWC,
$0 RWC of 75 kg N ha™ treatment was 3.4% higher than 25 kg N ha™. It seems that nitrogen
application in water deficit condition not only supplies plant N demands, but it has an efficient roll
in maintainng water status by mechanisms such as osmotic adjustment. There was significant (p<0.05)
interaction between water shortage and rate of nitrogen fertilizer. The highest relative water content
(98%) obtained from 100% FC with 75 kg N ha™ (Table 2) whereas 25% FC and 25 kg N ha™ had
the least RWC (77%). Sairam and Srivasta (2001) reported that water stress significantly decreased
relative water content in leaves of wheat cultivars. LRW content decreased with increased water stress
(Rosales-Sema ef af., 2004). Also Chandrasekar er af. (2000) observed the highest Relative Water
Content (RWC) at all of the growth stages under irrigated conditions. Antolin ef af. (1995) found that
nitrate fed alfalfa plants in a similar water stress had higher RWC than nitrogen fixing ones.

N application (75 kg ha™") increased leaf water potential (Table 1). There were significantly
differences (p<0.01) between Leaf Water Potential (LWP) of different nitrogen amounts and nitrogen
schedules, where the maximum LWP (Namely, -0.9 MPa) obtained from 75 kg N ha™" and 100% FC.
Application of 25 kg N ha™ and 25% field capacity had the lowest (-1.75 MPa) leaf water potential
ratio. Also nitrogen increased the accumulation of compatible solutes which increased leaf water
potential (Antolin ef @l., 1995). In water stress conditions decreased leaf water potential
(Grzesiak et al., 1997).

Root per shoot ratio (R/S) affected from nitrogen level and irrigation schedule (Table 1). The
highest R/S ratio (0.77 and 0.69) obtained from severs stress (irrigation at 25% field capacity) and
application of 25 kg N ha™!, respectively. There were no significantly differences between 85 and
100% field capacity treatments. Threshold turgor potential need for root growth is lower than shoot
tissues; and thus water stress reduced shoot dry weight rather than roots. There was significantly
(p<0.01) interaction between water deficiency and nitrogen fertilizer (Table 2). Application of 75 and
50 kg N ha™' had the lowest {0.66) R/S ratio. The shoot dry weight increased with the increase of
nitrogen supply, but decreased when nitrogen supply reached a certain level. The root growth was
negatively correlated with the increase of nitrogen supply. The water use efficiency decreased with
increasing ratio of R/S, while leaf photosynthetic rate tended to increase initially and then decrease. The
increase in root/shoot was unfavorable to increase water use efficiency (Shangguan ef af., 2004).
Kafi ef al. (2005) reported that the ratio of root to shoot (R/S) is an index that reflects growth and dry
matter accumulation between the root and shoot. These results showed that water stress affect shoot
growth rather than root, i.e., growth of above ground tissues are more susceptible to water deficits.
Shoot dry weight decreased by increasing water shortage but nitrogen supply ameliorate stress effects
on shoot growth (Shangguan et af., 2004).

It was observed that Root Area (RA) also affected from water deficit and hence increasing soil
water from 25% FC to 45, 65, 85 and 100% decreased root arca (Table 1). There were significant
differences (p<0.05) between Root Area (RA) of different nitrogen amounts and irrigation schedules,
where the highest RA (234 cm? plant™) obtained from 25 kg N ha™ and 25% FC. Application of
75 kg N ha~! had the lowest (99.03 cm? plant™) root area ratio. There were no significantly differences
between root area of 100, 85 and 65% ficld capacity (Table 2). Benjamin and Nielsen (2006) also
reported that water deficit stress resulted in a greater proportion of chickpea roots to grow deeper in
the soil. Also in water stress conditions, chickpea occupy large surface area per unit root weight. In
other study showed that the greatest root growth in an average year followed by lesser root growth
in the dry year and the least root growth in the wettest year (Merril er @l., 2002). The plant root
growth decreased with the increase nitrogen application was reported by Shangguan ef af. (2004).
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There were significantly differences (p<0.01) between biomass of different nitrogen amounts and
irrigation schedules (Table 1). The maximum biomass (5.226 g plant™) obtained from 100% FC with
75 kg N ha™! and the lowest (2.371 g plant—") belongs to sever stress (25% FC) with minimum nitrogen
(25 kg N ha™") application (Table 2). Water stress affected biomass and seed yield more severely and
secondary branches were more susceptible than primary ones (Leport ef al., 2006). Increasing water
availability (25-45% FC) increased biomass up to 48%, but biomass rising up to 45% FC was lower
(27%) than (25-45% FC). Athar and Johnson (1996) also concluded that reducing soil water potential
form -0.3 to -1 MPa decreased total dry matter by 65%. In a greenhouse study with one cultivar of
chickpea both the creation and abortion of pods reduced by water deficit imposed after the
commencement of pod set (Behboudian ez af., 2001). There were significantly differences between
mineral nitrogen and biomass production and the highest biomass (4.29 g plant™) obtained from
75 kg ha™! (Table 1). Unless biomass of 25 and 100% FC there was significant differences by nitrogen
amounts between 835-45% FC, where consumption of 25 kg N ha™ at 85% FC was equal to biomass
of 75 kg N at 45% FC (Table 2). These results showed that nitrogen deficiency in water restricted
condition is the most limiting factor of biomass production.

Leaf Arca (LLA) also affected from water deficit (Table 1). In this study increasing soil water from
25-45, 45-65 and 65-85%, increased leaf area 30, 23.6 and 26, respectively. Reduction of leaf area on
insufficient soil water results from both little leaf expansion and enhancing older leaf sensscence.
Reducing soil water from 45-25% decreased leaf mumber from 5.77-3.44 leaves per plant. Decreasing
leaf area and leaf mumber reduced drv matter production by lowering carbon assimilation. Nitrogen
application caused to increase the leaf area. There was significantly (p<0.01) interaction between water
deficiency andnitrogen fertilizer, where the highest LA (155.3 ent? plant™) obtained from 75 kg N ha™!
and 85% FC. The lowest leaf area (38.96 cm?® plant™') obtained from sever stress (25% field capacity)
with 25 kg N ha! (Table 2). This experiment showed that leaf area growth is more sensitive to the
water deficit. Pagter ef al. (2005) reported that water deficit decrsased leaf number and leaf area.
In water stress conditions increased nitrogen fertilizer causes increased leaf area (Lindmann and
Glover, 2003).

Leaf number affected from soil water deficiency and mineral nitrogen (Table 1). There was
significantly {(p<0.01) interaction between water shortage and nitrogen application in response to the
leaf number. After stress imposing the maximum leaf number (12) obtained from 85 and 100% field
capacity, whereas it was three fold greater than the leaf number of 25% FC (Table 2). There were no
significantly differences between leaf number of 100 and 85% FC. Nitrogen application up to
50 kg N ha~tincreased leaf mimber, but effects of 50 and 75 kg N was similar (Table 2). Oweis ef al.
(2004) observed that water deficit decrsases green leaf area, photosynthesis rate, stomatal size, dry
matter production and seed yield of Faba bean. Mwanamwenge ef al. (1999) also reported that water
deficit decreased rates of leaf expansion, specific leaf area, leaf shedding, shoot dry matter production
but increased root dry matter of faba bean. In water stress conditions, growth and yield increased by
nitrogen application (Yang ef af., 2000).

CONCLUSION

Water stress affects on some growth and physiological aspects of plants. Reduction of nutrient
availability in root zone is a growth limiting factor resulted from water deficits. In legumes that their
N demand only supplied with N fixing mechanism, suffer more damage from water stress because this
phenomenon (N fixing) is more susceptible to water deficit. Under these conditions, not only plant N
demand increase but also some surviving phenomenon (such as osmotic adjustment via proline and
other amino acid accumulation) depending on nitrogen supplemented. Results of this study showed
that increasing mineral mitrogen from 25 (starter N to 50 and 75 kg ha™! increased RWC about 3.4%,
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leaf area 29.96%, LWP 0.08%. Such positive effects of mineral nitrogen application caused water use
efficiency increased for 25%. Mineral N suppressed photoassimilate partitioning to roots and increased
it to above ground organs. By such mechanisms water use efficiency increased. These results also
suggest that using of nitrogen fertilizer in water deficit conditions (such as dry land farming areas)
increase tolerance of plants to stress.
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