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THE EFFECT OF WATER STRESS ON NITROGEN
STATUS AS WELL AS WATER USE EFFICIENCY OF
POTATO CROP UNDER DRIP IRRIGATION SYSTEM
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ABSTRACT

Water and nitrogen management, rate and timing of application are
critical factors in optimizing potato tuber yield and quality. This study
was conducted to determine the effect of water stress and nitrogen
fertilizer levels on canopy water content (CWC), soil water content
(SWC), nitrogen uptake, SPAD values, water use efficiency (WUE) and
potato yield. Water treatments concluded fully irrigated and water stress.
While, nitrogen levels were (NO, N50 and N100). Surface drip irrigation
system was used to provide irrigation water requirements. Treatments
were irrigated when 35 % of available soil moisture was consumed in
soil profile depth. For nitrogen levels (NO, N50 and N100) at water stress
conditions, the percentage of irrigation water saved was 11.47 % led to
decrease the tuber yield with 31 %, 13.94 % and 25.25 %, respectively.
SPAD values were highest in water stress and lowest in the control. In
addition, SPAD values were in a positive linear relationships with water
and nitrogen treatments as a coefficient of determination with very high
(R?= 0.99 and 0.99), respectively. Also, increasing the nitrogen dose led
to the increase the nitrogen uptake values. Moreover, nitrogen uptake
presented a linear relationships with water regimes at nitrogen levels
(0.96 and 0.97), respectively. Also, SPAD values presented linear
relationships with nitrogen uptake at well water controlled, stressed and
nitrogen levels (R’ 0.99 and 0.99). In conclusions, there were obvious
effects of water stress on CWC, SWC, nitrogen uptake and WUE. On the
other hand, canopy water content and soil water content could be used to
predict potato WUE and yield.

Keywords: Water stress, Canopy water content, Nitrogen uptake, SPAD value,
Water use efficiency.
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INTRODUCTION

otato is one of the most important irrigated crops as they are

sensitive to soil moisture deficit. The cultivated area of potato in

Egypt was about 164141 hectares in 2011 with productivity
about433843 ton (Faostat, 2011). Nitrogen (N) is an essential element in
plant growth and productivity, and N fertilizer is therefore of prime
importance in cultivated crops. The amount and timing of N application
has economic and environmental implications and is consequently
considered to be an important issue in precision agriculture (Johnson
2001). According to that, Demotes et al. (2008) stated that chlorophyll is
the most important pigment in leaves, and it is responsible of their
greenness. Leaf chlorophyll content can be used as a nitrogen status
indicator because this is an essential element in the photosynthetic
protein synthesis. Gianquinto et al. (2004) found that SPAD values are
also positively correlated with both specific leaf weight and maximum
photosynthesis rate. Al-Mahmud et al. (2014) studied the effect of
severe stress, moderate stress and well watered conditions on SPAD
values. They found values of SPAD meter values varied from 45.86 to
53.60, from 35.43 to 48.06 and from 37.66 to 45.90, respectively. The
mean values of chlorophyll content of potato leaves varied from 55 to 58
and from 49 to 60 with SPAD unit under well watered condition in several
stages of growth (Isabella et al., 2012). Water stress affects the
development and growth of potato shoots, roots and tuber yield. Water
stress also induces reducing leaf area and in the long term stem height
and ground coverage was lower. Reducing water application and increase
available nitrogen led to a decrease in Specific gravity generally (Ojala
et al. 1990). Occurring water stress at any time during the growing
season reduces potato marketable, total tuber yield, tuber length and
diameter and quality (Bailey, 1990). Similar to that, all growing stages of
potato especially tuber formation stage is very sensitive to water stress
(Shock, 2004). Water stress was greater at tuber initiation (40 %) than
tuber development stage (30 %) with reduction in tuber yield by 23%
Kumar and Minhas (1999). Otherwise, Ibrahim et al. (2015) found
that the best scheduler model was CROPWAT for irrgation water
management under Egyptian conditions at evaluation three models
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(CROPWAT, CAMISM and IRRIS) for corn and wheat crops. Also,
Kassem et al. (2005) studied the effect of water regimes at five different
levels of soil moisture content (15, 30, 45, 60, and 75 %) of soil moisture
depletion on potato yield. The results showed that the total yield were
(20.8, 16.4, 13.88, 11.42 and 9.69) ton/ha, respectively. Tuber yield were
28.85, 24.48, and 19.7 ton/ha at irrigation levels 100 %, 60 % and 30%,
respectively (EL Mokh et al., 2014). Moreover, the yield increased with
the use of up to 100-150 kg N/ha and dry matter content was significantly
diminished by the amount of nitrogen up to 150 kg N/ha (Beirne and
Cassidy, 1990). Also at levels 0, 60, 120 and 180 kg N/ha, Tuber yield
was increased with increasing nitrogen fertilization levels (Juzl, 1993).
But the effect irrigation water and nitrogen levels on potato vyield
indicated by (EI Mokh et al., 2015), who studied the effect of water
regimes with levels of 100%, 60% and 30% with nitrogen treatments NO,
N100, N200, and N300 kg/ha on vyield. The potato yield were (13.15,
11.39 and 7.42) ton/ha for three levels of irrigation at NO, respectively.
For N50, N100 and N200 at three irrigation levels, tuber yield were
(15.07, 12.05 and 8.53) ton/ha, (18.89, 14.78 and 9.68) ton/ha and (22.72,
15.94 and 9.24) ton/ha, respectively.

The main objective of this study was to:

(1) determine the effect of water regimes on soil water content (%),
canopy water content (%), water use efficiency and vyield of potato
crop.

(2) determine the effect of water regimes on dry matter (kg/fed),
nitrogen uptake and SPAD value.

(3) determine the relationship between SPAD value and nitrogen uptake
(kg/fed).

2. MATERIAL AND METHODS

2.1 Study Area

Field experiments were conducted during the period from 2015 to 2016
on two seasons at the research station of the Sadat City University in
Egypt (30°2' 41.185" N and 31°14' 8.1625" E). The research station of the
Sadat City University is characterized as a semi-arid climate with
moderate cold winter sand warm summers. The type of tuber potato was
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spunta for the two seasons. First season planted on 13th of October 2015
and harvested on February 9, 2016. While, the second season planted on
February 1, 2016 and harvested on May 31, 2016. Chemical and
mechanical analysis of soil for experimental site are presented in Table
(1). The experimental soil was sandy loam in texture. maximum rain
infiltration rate was 30 mm/day and electrical conductivity of irrigation
water was 0.62 ds/m.

Table (1): Chemical and mechanical analysis of soil for the experimental site.

Chemical and mechanical analysis of soil
PH 8.21 WP 80 mm/m Sand (%) 69.8
N 101.5 BD 1.45g/cm? Silt (%) 223
P 4.47 EC 0.95ds/m Clay (%) 7.9
K 244.9 oM 0.36%
FC 192 mm/m CcC 5%

BD= bulk density, OM=organic matter, CC=calcuim carbonate content

2.2 Experimental Layout

As mentioned before the surface drip irrigation system has been used in
this study. As shown in Figure (1), the experimental design divided into
four replicates (R1, R2, R3 and R4) with 24 plots. Each plot was 3 x 3 m?
that consists of three rows. Spaces between rows were 70 cm and spaces
between tubers were 30 cm. A two factor split- plot design experiment
was used with four randomized blocks as replicates. Each replicate
consists of two treatments of irrigation with three levels of nitrogen
fertilizer application. Water treatments were fully irrigated and water
stressed. Three levels of nitrogen (N) were 0 kg/fed (NO), 90 kg/fed
(N90), and 180 kg/fed (N180). The nitrogen fertilizer was added after 21,
60 days from planting date as ammonium nitrate (NH4NO3 33.5%). The
recommended doses from super phosphate and potassium sulphate at a
rate of 75 and 96 kg/fed, respectively were added in initial and mid
stages. In this study, 4 I/h discharge were used to control the flow of
water from the lateral to the potato plants. Diameter of mainline and
lateral was 50, 16 mm, respectively. The experimental area consists of
twelve lines. Each line was 18 meters in length. VValves were installed at
the first of each line to manage irrigation time. Water stress periods were
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conducted at tuber bulking stage for two seasons. Water stress for first
season was from 24 December 2015 to 10 January 2016. While for
second season, water stress was from 27 April 2016 to 7 May 2016«

respectively.
R4 R2

3m

NO N100 NO N100 I

N75 N50 N75 N50

N50 NO N50 NO

18m

NO N100 NO N100

N75 N50 N75 N50

N50 NO N50 NO

la«
Iy 3m

12m
R3 R1
Water stress Control Water stress  Control

Fig. (1): The layout of experimental design for control, water stress and three
levels of nitrogen fertilizer.

2.3 Irrigation Water Requirements

In this study, FAO CROPWAT software ver. 8.0 developed by Smith,
(1992) was used to decide when to irrigate and how much water to be
applied to experimental replicates. FAO Penman—Monteith method used
by this software as the standard method for the computation of the
reference evapotranspiration. This method is preferred where data of
temperature, humidity, wind speed, sunshine duration are available. The
weather data for experimental site were obtained from (World weather
online, 2015). Rainfall amounts during two seasons were collected and
measured using rainfall collector stalled in the experimental site. The
weather data were used in daily basis. FAO Penman-Monteith equation
was used to calculate Eto according to (Allen et al., 1998).
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900
0.408 A(Rh — G )+ yp ——uz2(es — ea)

ETo T 273 (1)
A+ (1 + 0.34 u-=2)

Where; Eto = reference evapotranspiration, (mm day?), R, = net
radiation at the crop surface, (MJ m™ day™), G = soil heat flux density, (MJ
m day™), T= air temperature at 2 m height, (°C), u,= wind speed at 2 m
height, (m s™), e = saturation vapour pressure,(kPa), e,= actual vapour
pressure,(kPa), es- e, = saturation vapour pressure deficit, (kPa), A =
slope vapour pressure curve, (kPa °C™), and , = psychrometric constant,
(kPa °C™).

2.4 Field Measurements

2.4.1 Chlorophyll meter

The Soil-Plant Analysis Development (SPAD) unit of Minolta Camera
Company has developed the SPAD-502 chlorophyll meter. As shown in
Figure (2), it determines the chlorophyll concentration by measuring the
leaf absorbance in red and near-infrared regions. The light is emitted by
two leds with peak wavelengths at 650 nm and 940 nm. The accuracy of
the SPAD-502 is = 1.0 units. The measuring area is 2mm X 3mm. This
numerical SPAD value specifies the relative content of chlorophyll
within the sample leaf (Konica Minolta Optics, 2012). In this study,
Average values of three leaves per each plant in plot were measured to
determine the chlorophyll content. Measurements were taken throughout
water stress periods for the control and water stress plots.

Fig. (2): Portable chlorophyll meter SPAD-502 for measuring chlorophyll in
potato crop.
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2.4.2 Soil water content (SWC)

In this study, gravimetric dry weight basis method was used for measuring
the moisture level of experimental soil. The gravimetric water content is the
mass of water per mass of dry soil. Soil water content measured in the
laboratory by weighing soil samples before and after drying.The samples
were dried in an oven at 105 °C for 24 hours. Soil water content was
determined using following equation:

SWC (%): Mwater B (Mwet  — Mdry ) (2)

Mdry Mdry

Where; Mwater = mass of water, and Mdry = mass of dry soil.

2.5 Measurements on Potato Plants

2.5.1 Potato canopy water content

Potato plants Arial biomass was cut above the ground for all studying
plots. Thereafter, a representative subsample was placed in an oven at 70
°C for 24 hours. Samples were weighted before and after drying to
determine canopy water content. The percentage canopy water content

was calculated using following equation:

cwec="Y ZPW 1000 3)

FW

Where; FW = fresh weight, and DW= dry weight.
2.5.2 Water use efficiency and yield of potato
To determine the potato yield, three plants per each plot were harvested.
While, water use efficiency (WUE) is defined as the yield obtained per
unit of water consumed. An irrigation of 70 mm was applied before
planting and not included in the total. Water use efficiency (WUE) was

calculated according to (Akhter, 2017) using the following equation:

WUE=Y/WR ......cooooooiiiii (4)
Where; Y =yield (kg/fed)
WR = the total amount of water applied in the field (m®/fed)
2.5.3 Determination of nitrogen uptake
Average three samples from each plot was oven dried to estimate the dry
matter and nitrogen content at irrigated and water stress treatments.
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These samples were analyzed at the laboratory of soil fertility tests and
fertilizers quality control, Faculty of agriculture, AL-Mansoura
University. In Figure (3), the thermo scientific FLASH 2000 series
analyzer was used to estimate the total nitrogen content in all samples.
This instrument operates according to the dynamic flash combustion
modified Dumas method of the sample for the determination of carbon,
nitrogen and sulfur. Samples are weighed in a tin capsule and introduced
into the combustion react-oqr‘, by an auto sampler.

Thexmo

Fig. (3): Thermo Scientific FLASH 2000Series Analyzer

The nitrogen uptake was calculated according to (Lemaire and Gastal,
1997) using the following equation.

N uptake = W X Nactoovvovvniiiieiiieie (5)
Where; W = dry matter of sample, (ton/fed), and Nt = actual measured
N content in percent of the dry matter of the canopy (%).
2.6 Statistical Analysis
SPSS 19 for Windows version 10 (SPSS Inc., Chicago, IL) was used for
the statistical analysis. Simple regressions were calculated to analyze the
relationship between canopy water content, soil water content, dry
biomass, nitrogen uptake and water productivity. In addition, the
relationship between SPAD value, nitrogen uptake and yield was
estimated. Coefficients of determination (R?) and significance test were
determined. A nominal alpha value of 0.05 was used.
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3. RESULTS AND DISCUSSION

3.1 Climate Factors and Irrigation Water Requirements for the Two
Seasons

In this study, Figure (4) shows average monthly of climate factors
(minimum and maximum temperature (°c), humidity (%), wind speed
(km/day) and rainfall amounts (mm) during the growing seasons.
Rainfall amounts were 34.8, 4.8 mm for first and second season,
respectively. Irrigation scheduling for two seasons are shown in Figures
(4, 5). As suggested by CROPWAT program, potato crop for first season
require 24 irrigations totaling 167.1 mm divided in average over two or
three days intervals at most and water stress at late stage for first season
was 20.9 mm. While for second season, the gross irrigation was 497.6
mm with 61 irrigations divided in average over one or two days intervals

at most and water stress at late stage for second season was 63.3 mm.
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Fig.(4): Average monthly of climate factors (temperature °c, humidity
%, wind speed km/day and rainfall amounts, mm) for two
seasons.

3.2 The Effect of Water Regimes Levels on Soil Water Content,
Canopy Water Content, Water Use Efficiency and Yield of Potato
Crop

In Table (2), maximum, minimum, mean values and standard deviation
of SWC (%), CWC (%), WUE (kg/m® and yield (ton/fed) were
demonstrated at control and water stress conditions, respectively. In

Misr J. Ag. Eng., July 2017 - 1359 -



IRRIGATION AND DRAINAGE

general, it could be concluded that the control treatments always gives
higher values for SWC (%), CWC (%), WUE (kg/m®) and yield (ton/fed)
than the obtained under the stressed conditions as shown in Figures (7
and 8). Results for two seasons show the mean values of SWC for control
conditions and water stress conditions. It varied from 11.53 % to 11.73%
under control conditions.
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Fig. (5): Potato crop irrigation scheduling for first season.

Day of season

0
€
£ 5
E N
2 AAA|Aaa i AAAA A A A
510 - A A A A AAAAl A A AAlA
S i Al saasasss ALl MaaA
iy i AA MK | & A
9 A A4 A
et i
©15 A AA
> AA
i i i
g AA A
2 i AAA
020 - Add i A
< A A |AA
. . . A A
—&—rain(mm) —a—deficit(mm) a depl

25

Fig. (6): Potato crop irrigation scheduling for second season.
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Table (2): Average soil water content (%), canopy water content (%6),
water use efficency (kg/m®), and yield (ton/fed) value under control and
water stress conditions at three nitrogen levels for two seasons.

Measured Treatments First season Second season

parameters Min | Max | Mean SD | Min | Max | Mean | SD
NO-C 119 | 1242 | 10.63a | 0.82 | 11.25 | 11.77 | 11.51a | 0.04
N50-C 126 | 134 | 12.06a | 1.16 | 12.4 | 12.66 | 12.5a | 0.00
N100-C 11.7 | 11.96 11.9a | 050 | 11.15 | 11.3 | 11.2a | 1.07

SWC (%) | NO-WS 6.22 | 7.68 897b | 038 | 7.7 7.82 | 7.79b | 0.08

N50- WS 6.96 | 8.05 7.63b | 047 | 7.86 | 8.12 | 8.08b | 0.04
N100- WS 7.7 8.51 840a | 231 | 7.9 851 | 8.11b | 0.57

NO-C 85.00 | 91.56 | 89.03a | 0.76 | 84.94 | 86.87 | 85.11a | 0.24
N50-C 85.03 | 89.42 | 87.95a | 2.53 | 82.57 | 87.04 | 86.1a | 0.00
N100-C 87.13 | 88.18 | 87.64a | 0.46 | 81.35 | 88.02 | 86.75a | 0.23
CWC (%) | NO-WS 79.17 | 81.32 | 79.89b | 1.23 | 81.25 | 83.64 | 82.25b | 0.00

N50- WS 81.89 | 84.32 | 82.76b | 1.05 | 79.99 | 83.21 | 81.71b | 2.11
N100-WS | 79.64 | 84.67 | 81.44b | 2.79 | 79.61 | 82.00 | 80.80b | 1.60

NO-C 587 | 7.92 | 7.68d | 1.73 | 2.36 | 2.80 | 2.77cd | 0.00
N50-C 8.48 | 10.79 | 10.52ab | 2.92 | 2.67 | 459 | 3.47ab | 2.17
WUE | N100-C 11.82 [ 13.30 | 13.28a | 1.59 | 4.28 | 534 | 520a | 1.32
(kg/m®) | NO-WS 347 | 630 | 5.02cd | 3.66 | 1.90 | 3.06 | 2.01d | 261

N50- WS 5.84 | 9.67 | 857bcd | 290 | 3.11 | 3.20 | 3.15cd | 1.69
N100- WS 9.33 | 9.38 | 9.35abc | 0.03 | 3.15 | 4.68 | 4.12bc | 2.00

NO-C 498 | 6.71 584c | 122 | 498 | 590 | 5.11d | 0.00

N50-C 720 | 9.15 8.0ab | 0.11 | 560 | 6.69 | 6.40ab | 1.51

vield N100-C 10.03 | 10.40 | 10.11a | 1.12 | 9.04 | 11.28 | 9.60a | 0.92
(ton/fed) NO-WS 264 | 479 382c | 256 | 350 | 564 | 3.71d | 1.82

N50- WS 444 | 735 | 6.52bc | 205 | 573 | 589 | 5.80cd | 1.19
N100- WS 709 | 713 | 7.11ab | 1.06 | 583 | 8.63 | 7.6bc | 0.87

CWC= canopy water content, SWC = soil water content, WUE = water use efficency.

The slope was (0.74) and coefficient of determination was (0.88). Under
water stress conditions, it varied from 6.22 % to 8.97 % and the
coefficient of determination was (0.98) with slope (0.455). Moreover,
CWC at three nitrogen levels ranged from 85 % to 91.56 % for first
season and from 81.35 % to 88.02 % for second season under control
conditions with slope (0.82) and (R?= 0.99), respectively. While in water
stress treatments, CWC varied from 79.17 % to 84.67 % for first season
and from 79.61 % to 83.64 % for second season with slope (0.87) and (R?
= 0.87), respectively. In Figure (8), Results of WUE were 7.68 to 13.28
kg/m® and 5.02 to 9.35 kg/m® for the first season under controlled and
stressed conditions. As well as for the second season, these values were
2.77 to 5.20 kg/m® and 2.01 to 4.12 (kg/m®) for controlled and stressed
conditions, respectively. The coefficient of determination was (0.94) and
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the slope was (1.215) for the control. In addition in water stressed, the
coefficient of determination was (0.94) and the slope was (1.61). These
results are in agreement with Juzl (1993); Kassem et al. (2005). Also, it
agreed with Onder et al. (2005) who found that water stress significantly
affected potato yield and yield parameters at irrigation levels 0, 33, 66

and 100 of fully irrigated.

& SWC (%)

®  SWC (%)

13 4 B yield(ton/fed) - 11 89 7 m yield(ton/fed) 8
12.7 1 y=074x+10.487 * 8.7 1 y=0.455x+7.37 7.5
12.4 | Re=088 ¢ w [ 10 85 | R*=098 7
12.1 - o3| 831 ) 6.5

gll.S . E ;\?8.1 . 6 E
0115 - - 82|/ 079 - g
3112 - o 377 >3
10.9 - 77 7 5 =
10.6 - y=219%4313 | ¢ 73 - (= 1.7925% + 21733 4.5
10.3 - R*=0.38 714 [/ R2=0.96 4
10 5 6.9 3.5
0 50 100 0 50 100
Nitrogen levels (%) Nitrogen levels (%)
(@) (b)

Fig.(7) The effect of water regimes levels on soil water content and potato

ield: (a) control and (b) water stress conditions.
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3.3 The Effect of Water Regimes Levels on Dry Matter, Nitrogen
Concentration, Nitrogen Uptake and SPAD Values of Potato Crop

The effect of water regimes on dry biomass (kg/fed), nitrogen uptake
(kg/fed) and SPAD values have been determined. These results have
been recorded as the average of three values per each plot. They were
measured at three nitrogen levels under control and water stress
treatments for two seasons as presented in Table (3). Results show that
the nitrogen concentration generally increased with increasing water
stress. For the first season, the mean nitrogen concentration values were
2.9 %, 3.3 % and 3.7% for control conditions and other three nitrogen
levels (NO, N50 and NZ100), respectively. For the second season, the
previous values were 2.8 %, 3.0 % and 3.6 %, respectively. At water
stress conditions, the nitrogen concentration increased to 3.1 %, 3.6 %
and 3.9 % for first season and 3 %, 3.5 % and 4.1 % for second season,
respectively. Increasing the nitrogen dose from NO - N50 and N100 led to
increase the nitrogen uptake to become 7.7, 14.36 and 18.37 kg/fed at at
zero water stress level for first season. The corresponding values at water
stress were 6.21, 11.74 and 16.79 kg/fed. For the second season, the
nitrogen uptake became 25.5, 40.98 and 81.9 kg/fed at zero stress level,
and 22.81, 38.65 and 71.28 Kkg/fed at water stress conditions,
respectively. These results coincide with Costa et al. (1997) who
reported that nitrogen uptake values were 21.5, 21.9, 14.6 and 12.6 g/m?
and the obtained yield were 1636, 1372, 1171 and 950 g/m* at water
regimes (100, 80, 60 and 40 %) of maximum evapotranspiration,
respectively. As shown in Figure (9), the coefficient of determination
was (0.96) with slope (16.85) under controlled conditions. While under
water stress treatments, the coefficient of determination was (0.97) with
slope (14.25). Also, Table (3) shows that the SPAD values generally
increased with increasing water stress. For the two seasons, SPAD values
ranged from 30.1 to 41.4 and from 32.8 to 49.7 at three levels of nitrogen
and zero water stress conditions. While at water stress treatments, these
values ranged from 37.3 to 44.0 and from 40.0 to 54.3, respectively.
Coefficients of determination for the relationships between SPAD values
and nitrogen levels under control and water stress conditions are shown
in Figure (10). There are a high significant between SPAD values and
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nitrogen levels (R?= 0.99 and 0.99). On the other hand, the values of the
line slope were (7.05 and 5.15) and the intercepts were (23.95 and 33.37).
These results are in agreement with lIsabela et al .(2012) and Al-
Mahmud et al. (2014). SPAD readings were well correlated with the
nitrogen in leaves of potato (R2 = 0.95) according to Vos and Bom
(1993). Also, These results agree with findings by Lobos et al. (2003)
who reported that SPAD readings were highly correlated with total
chlorophyl (RZ: 0.89). Also, these results agreed with Yuan et al.
(2003) who showed that plant height, biomass amount, and tubers were
increased by increasing the irrigation water at irrigation regimes (125,
100, 75, 50 and 25 %) of evaporated water.
Table (3): Average dry biomass (kg/fed), nitrogen concentration (%), N
uptake (kg/fed) and SPAD value under control and water stress
conditions at three nitrogen levels for two seasons.

Measured First season Second season
parameters Treatments Min Max Mean SD | Min Max Mean | SD
NO-C 2339 | 333.3 | 267b 45 781 1254 912d 229
N50-C 250.3 | 555.7 | 435.3ab | 144 | 1080 | 1698 1366 295
N100-C 359.9 | 716.0 | 509.1a | 174 | 1808 | 2775 cd 497
NO-WS 170 230 | 200.6b | 77 | 660.9 | 880.9 2275 503
DM N50- WS 220.6 | 361.4 | 326.3ab | 70 | 920.0 | 1203 ab 797
(kg/fed) N100- WS 310.9 | 533.5 | 430ab 32 | 1388 | 1983 | 760abc | 609
1104
bc
1738 a
NO-C 249 | 3.24 29¢ 0.3 2.8 2.88 28¢c 0.0
N50-C 2.6 3.85 3.3¢c 059 | 29 3.14 3¢ 0.1
N100-C 3.1 3.99 3.7bc | 0.33 | 3.18 4.06 3.6b 0.3
N (%) NO-WS 299 | 3.19 3.1ab | 009 | 27 3.31 3¢ 0.2
N50- WS 3.28 | 3.68 3.6ab 02 | 3.24 3.85 35b 0.3
N100- WS 345 | 3.95 39a |014 | 3.85 4.64 41a 0.3
NO-C 5.82 | 10.79 | 7.74 d 15 | 21.86 | 36.11 25.5d 5.9
N50-C 6.51 | 21.39 | 143ab | 3.09 | 31.32 | 53.31 | 409¢cd | 10
N uptake N100-C 11.15 | 2856 | 18.37a | 4.9 | 57.49 | 11266 | 819D 14
(kg/fed) NO-WS 5.08 7.33 6.21c 22 | 1784 | 29.15 | 22.8bc | 16
N50- WS 7.23 | 13.29 | 11.74bc | 2.2 | 29.83 | 46.34 | 386bc | 22
N100- WS 10.72 | 21.07 | 16.79ab | 1.5 | 53.43 | 92.04 | 71.28a | 28
NO-C 27.20 | 33.22 | 30.1c 25 | 31.00 | 35.76 32.8d 2.1
N50-C 24.40 | 48.20 | 35.1bc | 9.9 | 36.49 | 40.86 39.2¢c 2
SPAD N100-C 41.30 | 52.00 | 414 ab | 4.9 | 4259 | 51.53 497b | 4.9
value NO-WS 36.52 | 38.10 | 42.2a 46 | 2.88 | 52.79 40¢c 1.3
N50- WS 37.80 | 51.90 | 37.3abc | 0.64 | 38.26 | 41.27 458D 2
N100- WS 4890 | 51.60 | 44.0ab | 6.36 | 44.83 | 53.43 543a | 25
DM= dry matter, N% = nitrogen concentration, C= control, WS= water stress
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Fig.(9) The effect of water regimes levels and three nitrogen levels on nitrogen
uptake(kg/fed) : (a) control and (b) water stress conditions.
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Fig. (10): Relationship between average SPAD values and nitrogen
levels: (a) control and (b) water stress conditions.

3.4 Relationships between Canopy Water Content with Dry Biomass,
Water Use Efficiency, Nitrogen Uptake and Soil Water Content

As shown in Figure (11), linear relationships between CWC with dry
biomass (kg/fed) and water use efficency (kg/m®) were used. While, a
quadratic equation was used to calculate the regression between CWC
with nitrogen uptake (kg/fed) and SWC (%). The slopes for relationship
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between CWC with dry biomass (kg/fed) and water use efficency (kg/m®)
were (25.86 and 0.854) and the intercepts were (-1815 and -63.68). On
the other hand, coefficient of determination between CWC with dry
biomass (kg/fed) water use efficency (kg/m®) were (0.55** and 0.88**).
These results coincide with Blum et al. (1982) who found that CWC
decreased with increasing canopy temperature as a result of increased
water stress. Also, CWC was directly correlation with nitrogen uptake
(kg/fed) and SWC (%). Coefficient of determination were (0.64** and
0.76**), respectively. The results showed that the best correlation with
CWC was water use efficency (kg/m®) then SWC and the lowest
correlation was nitrogen uptake then dry biomass.

M Control A water stress M Control water stress
620 , Y=25.86x-1815. 21 | y=-0.080x2+14.48x - 635.2
570 R?= ?.)55** -l . =19 R?=0.64** W
—_ a C
° 520 E 17 © [ |
fn 470 =3
= 420 g15
©
2 370 . 513
§320 €11
o]
220 : X
a 220 §
170 7
120 5
78.00 83.00 88.00 93.00 78.00 83.00 88.00
Canopy water content (%) Canopy water content (%)
14 | mControl A water stress 14 M Control water stress
T 1o |y=0.8545x - 63.68 13 | ¥=0039x-6.052x +241.6 u
£ R? = 0.88** R b R2=076** M
= 10 (b) = (d) -
> T1n
e 8 S
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Fig. (11): Relationships between canopy water content with (a) dry biomass, (b)
water use efficency, (c) nitrogen uptake and (d) Soil water content under control
and water stress conditions.
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3.5 Relationships between Soil Water Content (%) with Dry
Biomass, Water Use Efficiency, Nitrogen Concentration and
Nitrogen Uptake under Control and Water Stress Conditions

Linear relationships were used for calculating the regression coefficients
between SWC and dry biomass (kg/fed), nitrogen uptake (kg/fed) and
water use efficency (kg/m®). While, a quadratic equation was used to
calculate coefficient of determination between SWC and nitrogen
concentration (%) as shown in Figure (12).

14 W Control A water stress 18 |, W Control A water stress
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Fig. (12): Relationships between soil water content with (a) water use efficency,
(b) dry biomass, (c) nitrogen uptake and (d) nitrogen concentration under
control and water stress conditions.
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The slopes for relationships between SWC and water use efficency
(kg/m3), dry biomass (kg/fed) and nitrogen uptake (kg/fed) were (1.108,
42.25 and 0.907) and the intercepts were (-2.085, -44.76 and 3.430),
respectively. On the other hand, coefficients of determination between
SWC and water use efficency (kg/m®), nitrogen uptake (kg/fed) and dry
biomass (kg/fed) were (0.76**, 0.60** and 0.52**), respectively. Also,
SWC was high directly correlation with nitrogen concentration (%) and
coefficient of determination was 0.75**. The best correlation with SWC
was water use efficency then nitrogen content and the lowest correlation
was nitrogen uptake then dry biomass.
3.6 Relationships between SPAD Values and nitrogen uptake (kg/fed)
under control and water stress conditions
In Figure (13), the best fit relationship between SPAD values and
nitrogen uptake was found as a linear relationship with coefficient of
determination 0.99 for both the zero and water stress conditions. In
general, SPAD values were higher for stress more than zero level at the
same amounts of applied nitrogen.
55

50

® Control W Water stress

S
[

y =2.4131x - 60.301
R?=0.99

w b
v O

30 y = 2.8816x - 97.913

R?=0.99

Nitrogen uptake(kg/fed)

30 35 40 45 50
SPAD values

Fig. (13): Relationship between average SPAD values and nitrogen
uptake: (a) control and (b) water stress conditions.

On the other hand, the slopes were 2.413 and 2.881 under controlled and
water stressed. For these reasons, it's recommended that providing the
plants with the optimum amount of water would increase the healthy
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conditions of plants (the yield) as the nitrogen uptake and SPAD value
increase. These results agreed with Rodriguez et al (2000) and Uddling
et al. (2007) who indicated that SPAD values were positively correlated
with chlorophyll concentration (R* = 0.79 and 0.58) for wheat and potato
crops.
CONCLUSIONS
In conclusions, there are obvious effects of water stress on canopy water
content, soil water content, yield, water use efficency, SPAD values and
nitrogen uptake. Nitrogen uptake and water use efficency were higher in
the zero stress level more than at the water stress. In contrast, SPAD
values were the highest in water stress. The percentage of irrigation water
saved was 11.47 % for water stress conditions and the highest yield
reduction was at NO then N100 and the lowest reduction was at N50
compared with the zero stress level. It can be concluded that nitrogen
uptake, and yield prediction of potato crop can be detected using potato
canopy water content and nitrogen concentration in different levels of
irrigation water and nitrogen.
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