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6- Plant-based diagnosis
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Chlorophyll Content Index (CCI)
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Table 1- Maragheh dryland agriculture research station climate data in cropping year 2010-2011 and long term (20 years)
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Table 2- Soil physical and chemical characteristics before sowing (0-25 cm depth)
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Sand (%) Silt (%) Clay (%) CaCO; (%) OC (%) SP (%) pH EC (dSm™)
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7.2 4.6 5.8 677 7.6 13.6 1.1 2.3
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5- Nitrogen Rate Difference (NRD)
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Figure 1- Relationship between chlorophyll index values (SPAD) with total chlorophyll (a), chlorophyll a (b), chlorophyll b (c)
and carotenoids (d) in leaf of dryland wheat
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Table 4- Mean comparison for chlorophyll components in leaf for nitrogen application time

oLy A sl S Jde )l kgl 5 oidy s by oW
ol . Chl. a Chl.b  Totalchl. Carotenoids  Chl.c  aJdgJ5/bJsdg,I5 o RSTTeN
Time 9 Chl a/Chl b Fodsdy 5 Nitrogen
SPAD (mg/g fresh leaf) RCM o
Lo 9.1 17.0 6.1 23.0 0.39 0.080 2.78 0.98 148
sl 8.4 153 5.5 20.8 0.43 0.063 2.77 0.90 152
LSD 5% 0.5 1.0 0.4 13 0.10 0.011 0.02 0.14 34
(b) & (a)
; 14 1 ® split A Fall
13.0 12.8a g 13 1 ®) y = -9E-05x2 + 0.0017x + 1.0989 o o
3] R? = 0.6685 .
- & 12 { A)y=-4E-05x2 + 0.0027x + 0.9631 . N
X 125 3591 R?=0.7911 —_—
3 £ a" % 1.0 1 ../m—c:—}ﬂu
: 5 1% A h
3’ 2 12,0 L 2 09 1 A
3z 11.8b 9 £ o3 |
@ 2 § 07 -
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Figure 2- Relationship between nitrogen rate difference with relative chlorophyll meter (a) and seed protein content (b) in fall
and split nitrogen application
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Table 5- Relationship between nitrogen application rates and grain yield and N requirements for obtaining maximum and
economical grain yield in dryland wheat genotypes

Wi OgewyS 5 ddlro o o slas Nitrogen requirement (kg.ha™) 5595w ;W
Slas 3 ,Sdos Alaid) dgw pSTas
. , 2 > S g
Genotype Regression equation (R) (SE) Max. Yield Max. Economical Profit

Azar2 2,50 Y=-0.342N2+44.48N+1883.9 0.931** 200.4 65 55
Ohadi sisl  Y=-0.230N*+27.96N+2227.1 0.997** 313.1 59 50
Rasad so,  Y=-0.430N*+52.89N+1932.6 0.995** 192.9 61 52
Genotypel 1osss;  Y=-0.276N°+37.11N+1418.8 0.807* 181.6 67 57
Genotype2 2 g Y=-0.307N*+42.03N+1525.4 1.000** 282.0 68 58
Genotype3 3.ws;  Y=-0.362N°+36.81N+1987.9 0.979** 449.2 50 43
Genotyped 4 55 Y=-0.393N%+50.29N+1932.3 1.000** 1839 63 54

* & **: Significant at 5% and 1% probability levels
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Table 6- Mean comparison for chlorophyll components in leaf for nitrogen application rates

e AddeyS  DUdeys S Judo kS Baggl,l5  Clsdg S . s L
I " 39 39 hdg 91, 39 sl o
09 "Aé Chl. a Chl. b Total chl. Carotenoids Chl. c aJsdg,I5/D Judg WS ’ "A: PR

Nitrogen — Judy b5 Chl a/Chl b Faddo s LBTE
(kg-ha)  spAD (mg/g fresh leaf) RCM Nitragen
0 6.7 11.4 4.1 15.8 0.58 0.033 2.72 0.72 100
30 8.8 16.3 5.8 22.0 0.39 0.073 2.79 0.97 143
60 9.7 18.5 6.6 24.8 0.34 0.087 2.80 1.07 160
90 9.8 18.5 6.6 24.9 0.32 0.094 2.80 1.00 197
LSD 5% 0.8 1.9 0.7 24 0.08 0.013 0.03 0.10 33
S 3 93 Jado IS (5 ol ly L (LS 45 0,59S) (8 e (39 s (50 oot (SommsS ) Bl =7 Jgaa
Table 7- Regression equations between nitrogen application rates (kg.ha™*) and leaf chlorophyll components
oyl Parameter Regression equation  Jesmw 5, alaleo (SE) 5,1stiant &1 il (R?) oo cuu
edg lS” yadlis SPAD SPAD = -0.0006N2 + 0.0863N + 6.6902 0.098 1.00**
A s Chl. a Chl. a = -0.0014N? + 0.2011N + 11.372 0.011 1.00%*
(mg/g fresh leaf)
b 35,15 Chl. b Chl. b = -0.0005N + 0.0689N + 4.1309 0.022 1.00%*
(mg/g fresh leaf)
Clbs)s Chl.c Chl. ¢ =-9*10"°N? + 0.0015N + 0.0334 0.004 0.99**
(mg/g fresh leaf)
S o)l Total Chl. b Total Chl = -0.0017N? + 0.2544N + 15.821 0.016 1.00%*
(mg/g fresh leaf)
gl Carotenoids Carotenoids = 5*10°°N? - 0.0071N + 0.5742 0.024 0.99%*
(mg/g fresh leaf)
b 8 idg IS o Chla/Chl b Chl. &/ Chl. b = -2*10°°N2 + 0.0028N + 2.7164 0.011 0.99%*
oIS s Ja3ls RCM RCM = -9*10°°N? + 0.0109N + 0.7231 0.004 1.00%*
Oiey pasls Nitrogen index NI =1.0217N + 103.85 7.576 0.98*

* & **: Significant at 5% and 1% probability levels respectively. UL 75 Jloan! aw y3 Y dxe sy % o
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Figure 3- Relationship between SPAD values with grain yield (a) and nitrogen rate with seed protein content (b)
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Figure 4- Relationship between SPAD values with total chlorophyll per carotenoids ratio (a) and genotype X nitrogen
interaction by biplot for total chlorophyll per carotenoids ratio (b)
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Table 8- Mean comparison of leaf chlorophyll components for genotypes
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Azar2 2,3 7.6 135 4.8 18.5 0.49 0.048 2.75 0.94 147
Ohadi A 8.2 14.8 5.3 20.2 0.46 0.065 2.75 0.93 148
Rasad Aoy 8.9 16.4 5.9 22.2 0.40 0.077 2.77 0.98 154
Genotypell s 9.9 18.9 6.7 25.4 0.31 0.092 2.80 0.98 152
Genotype2 2 .5g; 9.1 16.9 6.0 22.8 0.39 0.076 2.79 0.94 148
Genotype3 3 g 8.9 16.5 5.9 22.4 0.39 0.075 2.78 0.92 148
Genotyped 4 u5g5; 8.7 16.0 5.7 21.7 0.40 0.069 2.78 0.89 151
LSD5% 0.6 13 0.5 17 0.05 0.013 0.02 0.06 13
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Table 9- Mean comparison for chlorophyll components in leaf for difference growth stages
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GS22 7.7 13.7 4.9 18.8 0.50 0.056 2.75 0.95 190
GS29 9.5 17.9 6.4 24.1 0.34 0.079 2.80 0.91 120
GS32 9.4 17.7 6.3 23.8 0.34 0.077 2.80 0.85 136
GS39 9.4 17.6 6.3 23.7 0.36 0.088 2.78 1.01 155
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Figure 5- Variation of total chlorophyll per carotenoids ratio (a), genotypes (b) and nitrogen rates (c) in dryland wheat
growth stages and relationship between nitrogen rate with grain yield (d)
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Introduction

Nitrogen is the most important limiting factor, after water deficit for biomass production in natural
ecosystems. Efficient use of nitrogen fertilizer is important to economical dryland wheat production and to the
quality of ground and surface waters. Researchers have been looking for ways to increase the efficiency of N
fertilizer use. Soil and in-season plant tissue testing for nitrogen status are a time consuming and expensive
process. Chlorophyll concentration in a leaf is closely correlated with leaf N concentration so the Soil Plant
Analysis Development (SPAD) chlorophyll meter is one of the most commonly used diagnostic tools to measure
crop nitrogen status. The SPAD chlorophyll meter is a simple, portable, diagnostic and nondestructive light
weight device used to estimate leaf chlorophyll content. Chlorophyll meter techniques provide a substantial
saving in time and resources and offer a new strategy for synchronizing nitrogen application with actual crop
demand. The objective of this study was to establish and analyze the relationships between measurements from a
SPAD instrument and the leaf pigments, as extracted at different stages. The study also seeks to evaluate the
utility of a chlorophyll meter to inform nitrogen fertilization rates of wheat (Triticum aestivum L.) genotypes in
dryland condition.

Materials and Methods

This experiment was carried out in split split plot based on RCBD design with three replications Treatment
included: N application time (whole fertilization of N in fall, and its split fertilization as 2/3 in fall and 1/3 in
spring), N rates (0, 30, 60 and 90 kg N ha') as urea and 7 genotypes (Azar2, Rasad, Ohadi,
HN7/OROFEN//BGN8/3/SERI/4/.., SARA-BW-F6-06-85-86-29-1, TEVEE'ST/CROW/VEE'S' and DH-2049-3.
A chlorophyll meter (SPAD-Hansatech Cl-01) was used to read leaf chlorophyll content (SPAD value) at
tillering (GS22), shooting (29), stem elongation (GS32), flag leaf (GS39) and anthesis stages. Fresh plant leaf
samples were collected from each plot for the estimation of chlorophyll a (Chla), chlorophyll b (Chlb),
carotenoids (Ct), total chlorophyll (Chlt) and concentrations. The chlorophylls and carotenoids were determined
by spectrophotometric analysis of chemically extracted pigments. To examine the relationship between pigments
chlorophyll and SPAD values, 30 wheat leaves were sampled. Average Chla, Chlb, Chlt, carotenoids and SPAD
values were computed, and linear regression analysis was performed by least-squares method with Excel.

Results and Discussion

The results showed a strong positive and statistically significant (p<0.01) relationship between SPAD values
and total chlorophyll (R* = 0.93), chlorophyll a (R? = 0.95), chlorophyll b (R*> = 0.78) and carotenoids content
(R? = 0.79). We demonstrated that the SPAD readings and plant photosynthetic pigment content per-leaf are
profoundly affected by nitrogen rate and timing of application. Nitrogen split application increased significantly
(p<0.01) the SPAD values (8.3%), Chla (11.1%), Chlb (10.9%), Chlc (27%), Chlt (15%), (exception of
carotenoids) and seed protein content (8.5%). Nitrogen application could affect significantly (p <0.01) all
chloroph}/ll indices in plant. The ideal conditions for the chlorophyll indices in the plant were obtained using 72
kg N ha™. Nitrogen requirement for maximum and optimum economical dryland wheat production is about 20
and 10 kg ha? less than nitrogen requirement for creation the ideal conditions for chlorophyll status and its
components in dryland Wheat Using chlorophyll meter, chlorophyll a (16.6 mg g%), chlorophyll b (5.9 mg g™),
chlorophyll ¢ (0.077 mg g, total chlorophyll (23.9 mg g*) and chlorophyll a per Chlorophyll b ratio (2.78),
chlorophyll index (9.4) and chlorophyll relative index (1.0) were determined in economical optimum N rate
(NRD = 0). Genotypel was most suitable and Azar2 was the most inappropriate condition in terms of
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chlorophyll index and total chlorophyll ratio per carotenoids (optimum range 40-70) in the plant as a stress
resistance index.

Conclusions

It can be concluded that, the actual chlorophyll content and its components can be estimated using
chlorophyll meter (SPAD) in dryland wheat genotypes at different growth stages. Chlorophyll components and
seed protein can be improved by nitrogen fertilizer application time and rates in dryland wheat.

Keywords: Chlorophyll components, Biplot method, Economical optimum N rate, Growth stages, Water
stress



