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Effect of slow release urea-hydrogel complex on chlorophyll fluorescence and
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ABSTRACT

To study the effect of slow release hydrogel-urea complex (SRHUC) on chlorophyll fluorescence and
morphological parameters of barley under drought stress, an experiment was performed in 2017-2018 as
factorial in Randomized Complete Block Design (RCBD) with three replications in the greenhouse of
Aburaihan campus of University of Tehran. The combination of factorial levels were as fertilization
factor containing nitrogen (N) from urea source in five levels of no N application, equivalent 125 and 65
and with SRHUC as CU-N1z5, CU-Ngs, SRHUC-N125 and SRHUC-Ngs, respectivly and kg.ha* N without
drought stress in three levels of 70, 50 and 30% FC. Drought stress decreased flag leaf area and the lowest
value (13.12 cm?) belonged to 30% FC. Furthermoreit decreased flag leaf dry weight, total number of
tiller and SPAD index. SRHUC-N125, SRHUC-Ngs and CU-Ni25 have showed the highest values of
maximum (Fm) and variable (F,) fluorescences. In 50% FC, N-containing treatmenats had the highest
Fu/Fo and SRHUC treatments showed the highest performance index based on absorption (Plags) that
were equal to 1.66 and 1.60. In 30% FC, the lowest value (10913) of minimum fluorescence (Fo;) was
related to SRHUC-N1,5. SRHUC-N1p5 caused the highest flag leaf area (16.8cm?), stem diameter (4.2
mm) and SPAD index (43.6). It can be concluded that better N availability in Goharan cultivar, had
favorable effects on chlorophyll fluorescence and growth parameters, especially in drought stress, and
SRHUC application might result in more appropriate chlorophyll fluorescence and growth characteristics.
Keywords: Chlorophyll fluorescence parameters, Fv/Fo, flag leaf area, Plags, stem diameter.
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1. QJIP — fast chlorophyll fluorescence transient
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Table 1. Physicochemical characteristics of the experimental soil

Soil K P Sand Silt Clay Soil Nitrogen H Ec
properties (mg/kg) (mg/kg) (%) (%) (%) Texture (%) P (ds/m)
286.6 13.2 56 32 12 Slggfny 0.04 7.92 1.66
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Table 2. Parameters, formula and their descriptions using data extracted from chl a fluorescence (OJIP)

Description Fluorescence parameter
Fluorescence intensities at 50 s, considered as the minimum fluorescence Fo
Fluorescence intensities at the J-step (2 ms) and at the I-step (60 ms) Fi s F;
Maximum fluorescence Fm
Variable fluorescence Fv=Fn-Fo
Relative variable fluorescence at the J-step (2 ms) V= (Fj— Fo)/(Fm — Fo)
Relative variable fluorescence at the I-step (60 ms) Vi = (Fi — Fo)/(Fm — Fo)
Approximated initial slope of the fluorescence transient M, = TR/RC — ETs/ RC
Maximum quantum efficiency of PSII photochemistry Fy/Fn
Efficiency of the water-splitting complex on the donor side of PSII Fv/Fo
Reaction center RC
Maximum quantum yield of primary photochemistry Opo= 1 — (Fo/Fm) = Fu/Fny
Probability that a trapped excitation moves an electron into the electron transport chain beyond QA~ Yeo = ETJ/TR,=1-Vj
Absorption flux per RC ABS/RC = (My/V)) /dpo

Plags = (RC/ABS)@)pJ(l - ¢p0»

Performance index (PI) on absorption basis (Weo/(1 — Vo)
Eo Eo,

(Jiang et al., 2008; Kalaji et al., 2012; Bartak et al., 2015; Bayat et al., 2018)
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Table 3. Variance analysis of the effects of different N fertilizers on chlorophyll fluorescence parameters
of barley under three levels of drought stress.

mean of squares

S.0v df

Fo F; Fi Frm Fy Vi Vi Plags F/ Fo Fu Fn
Replication 2 880290.7" 14558994.5" 53945007.3" 46703380.1" 36705359" 0.00105™ 0.0029™ 0.160™ 0.098" 0.000126"
Fertilizer (N) 4 810408.4™ 6879488.9"™ 29709226.1" 30903519.9" 22565623.6" 0.000186"™ 0.00014™  0.020™ 0.037"™ 0.000047™
Dro“ggg)s"ess 42441.8" 6419817  1238309.1™ 1488525.3™ 1468731.8™  0.000004  0.00021™  0.003™ 0.015™ 0.000023™
DS x N 8 1174573.3" 9219204.8™ 25350490.1" 22496064.5" 14618234.2™ 0.000371" 0.00034" 0.063" 0.061" 0.000073"
Error 28 494282.1 4199534.1 11193342.3 10733067.5 7262993.5 0.000143 0.00018 0.020 0.026  0.000034
CV (%) 6.04 5.58 6.15 5.27 5.33 142 2.70 9.33 3.67 0.71
oy CV uss e SOV (o cxe e =NS (P < 0.05) Jloax! mhaw [0 Sl s i oP < 0.01) Jluz| mhaw ;o lo goe
Sl s
ns,*, and **: Non-significant and significant at P < 0.05 and P < 0.01, respectively. SOV: Source of the variation; CV: Coefficient
of variation
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Table 4. Effect of nitrogen fertilizer on some chlorophyll fluorescence parameters of barley.

N treatments Fm Fv
N1 60608 + 1500.470 b 49218 +1177.610b
N2 63975 £+ 1266.970 a 52065 + 1038.100 a
N3 61735 + 1310.810 ab 50363 + 1119.580 ab
N4 60304 + 1245.000 b 48817 +1080.200 b
N5 64260 +941.976 a 52259 +790.214 a

S5 (355 SR 53 pSLS VYO Jolus = N3 o 5,0 936 5,55 LS 53 o S5LS 1T Jolus = N2 eiy3525 055 4306 =N
bl O3ar JiSe jo 0 55l PO Jolee = N5 J5g 000 w8l 35,0 LSe j0 p 56l PO Jolbee = N4 da,uiS” J5g 000 ailobes
s 5o ls gime BB w3l (LSD) (yg05] Billie g ;o 50 S ie By o JBlas lyls sla Sl Lo ,aiS 5,00 ailels
S il glas £ Lo Silos 51 o )le oo &3] jolie aiil oo o )d iy

Means with the same letters in the same column are not significantly different at 5% of probability level using LSD test. N1: no

N fertilizer, N2 and N4: equivalent amount of 125 and 65 kg.ha* nitrogen in form of conventional urea without slow releas hydrogel

complex, respectively; N3 and N5: equivalent amount of 125 and 65 kg.ha™* nitrogen in form of slow-release hydrogel-urea
complex, respectively. Values are means + SE (standard error).
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Table 5. Interaction effect of nitrogen fertilizer and drought stress on chlorophyll fluorescence
parameters and awn length of barley.

D;tor ggsht N fertilizers Fo Vi Fu Fo Plags Awn length (cm)
N1 10479.3 +439.785 b 0.829+0.012b  4.618 +0.021 a 1.785 +0.053 a 11.933+0.335a
N2 11866.7 +536.413 a 0.847 £0.008 ab  4.295 +0.104 b 1508 +0.111b  10.850 +0.265 bc
70% FC N3 11856.0 £217.611 a 0.849 +0.006 a 4.325+0.091 b 1.431+0.115b 10.600 +0.104 ¢
N4 11541.3 £277.778 ab 0.843+0.011ab  4.173+0.157b 1.388 £0.112 b 11.450 +0.100 ab
N5 12159.3 +97.333 a 0.856 +0.003a  4.367 +0.034ab  1.452+0.033 b 10.567 +0.164 ¢
N1 11259.7 +423.205 a 0.838 £0.001 a 4.178 +0.020 b 1.362 £0.023 b 10.383 £0.164 b
N2 12245.7 £319.170 a 0.857£0.008a  4.455+0.020a  1.575+0.066 ab  11.000 +0.306 ab
50% FC N3 11346.7 +407.317 a 0.845+0.004a  4.547 +0.042 a 1.662 +0.059 a 10.667 £0.044 b
N4 11780.0 £606.540 a 0.843+0.014a 4.312+0.168ab  1.443 +0.168 ab 10.717 £0.291 b
N5 11509.0 +380.865 a 0.846 £0.007a  4.403+0.062ab  1.599 +0.065 a 11.433+0.344 a
N1 12430.3 +650.357 a 0.865+0.013a  4.216+0.176 a 1.435+0.157 a 10.650 +0.058 b
N2 11617.3 £568.288 ab 0.847 £0.007ab  4.377 +0.117 a 1511 +0.109 a 10.583 £0.464 b
30% FC N3 10913.0 +£367.035 b 0.835+0.010b  4.414 +0.086 a 1.623 +0.057 a 12.000 +0.551 a
N4 11140.3 +234.511 b 0.833£0.004 b  4.272+0.043 a 1.546 +0.087 a 10.067 £0.033 b
N5 12332.7 £299.147 a 0.847 £0.002ab  4.302 +0.133 a 1.500 +0.129 a 10.750 +0.176 b

LIS 5955 1S 53 F5lS VYO Jolas = N3« Jjg,000 w85 59,55 lSa 5 p,5olS VYD Jolaa = N2 (55555 355 316 =N1
Ll 5eyd LS j0 0,56lS PO Joleo = N5 (5,000 28 59500 LS 10 p,56lS #O Jolae = N4 o 0iS” J59,000 aibeles
2 bl s S e B S Blas Gl a5 ole 1Sl (S i mas e g et jo 50 eSS 00 ailele
S lastinl glas F o Sl 5l o )le oads &3l)] prolie il co lo goe BT 08B o o 7y Jloi>! mhaws ;o LSMEANS oo 5
Means with the same letters in the same column and water regimes are not significantly different at 5% of probability level using the
slice option of the LSMEANS statement. N1: no N fertilizer, N2 and N4: equivalent amount of 125 and 65 kg.ha* nitrogen in form

of conventional urea without slow releas hydrogel complex, respectively; N3 and N5: equivalent amount of 125 and 65 kg.ha*
nitrogen in form of slow-release hydrogel-urea complex, respectively. Values are means + SE (standard error).
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Table 6. Variance analysis of the effect of different N fertilizers on some morphological traits and SPAD
index of barley under three levels of drought stress.

S.0.vV df Flag leaf area  Flag leaf dry weight ~ Stem diameter ~ Total number of tiller  Awn length ~ SPAD index

Replication 2 6.068" 0.000055"™ 0.055™ 0.650™ 0.896" 13.908™
Fertilizer (N) 4  28.097" 0.002635" 0.926™ 4.050™ 0.170" 249.493"
Dro“?g;)s"ess 2 29640 0.000994" 0.049™ 2.379" 0.329" 32.211"
DSxN 8  1.153® 0.000096™ 0.003" 0.624" 1.450" 8.950™
Emor 28 1325 0.000071 0.022 0.382 0.174 5.946
CV (%) 7.86 1353 3.96 11.48 3.82 6.20
oo CV posd ade : SOV 095 o giae =NS «(P < 0.05) Jlozx! mhaw jo jls je i (P < 0.01) Jlois! mhaw jo jlo pixe e
ol JvEs

ns,*, and **: Non-significant and significant at P < 0.05 and P < 0.01), respectively. SOV: Source of the variation; CV: Coefficient
of variation.
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Table 7. Effect of nitrogen fertilizer on stem diameter, flag leaf area and dry weight, number of tiller and

SPAD
N Stem diameter Flag leaf area (cm?) Flag leaf dry weight Number of tiller SPAD index
treatments (mm) (9)
N1 3.333+£0.045d 12.608 +0.444 ¢ 0.041+£0.003d 4.389+0.236¢C 31.144 £1.290 ¢
N2 3.970+0.075b  15.750 £ 0.657 ab 0.079 + 0.005 a 5.972+0.226 a 42.944 +0.946 a
N3 4.158 +0.054 a 16.772 £ 0.467 a 0.078 £0.003 a 5.833+£0.083a 43.633 £0.587 a
N4 3.599 +0.023 ¢ 13.087 +0.422 ¢ 0.049 £ 0.002 ¢ 5.000£0.328 b 36.956 + 0.603 b
N5 3.722 +0.029 ¢ 15.049 £0.782 b 0.065 + 0.004 b 5.722 +0.284 a 41911 +1.150 a

SIS 55y S 5 Sk VYD Jolas = N3« Jj5,0m 93l 59,505 S 5o p,S5kS 1Y0 Joles = N2 103555 955 336 N1

LIS 39y iS50 0,55LS FO Jolee = N5« J5g 000 w86 55,00 LSe ,0 0,508 £O Jobee = N4 o0 J59 000 alole

ghaw ;o o tme (S W88 LSD ysejl ull 5 st ja 0 S ie By S Bl gl sla Sl o ,0iS S50 ailelu

St glas + b Sl 5l o )le oals &3] olin il oo oy iy

Means with the same letters in the same column are not significantly different at 5% of probability level using LSD test. N1: no

N fertilizer, N2 and N4: equivalent amount of 125 and 65 kg.ha™ nitrogen in form of conventional urea without slow releas hydrogel

complex, respectively; N3 and N5: equivalent amount of 125 and 65 kg.ha? nitrogen in form of slow-release hydrogel-urea
complex, respectively. Values are means + SE (standard error).

Table 8- Effect of drought stress on flag leaf area and dry weight, number of tiller and SPAD index of

barley.

Drought stress  Flag leaf area (cm?) Flag leaf dry weight (g) Number of tiller SPAD index
70% FC 15.877+0.585a 0.071 +0.006 a 5.817+0.273 a 40.213+1.334 a
50% FC 14.964 + 0.503 b 0.061 +0.004 b 5.300+0.181b 40.113 £1.409 a
30% FC 13.118 +0.467 c 0.055 +0.004 b 5.033+0.225 b 37.627 +1.502 b

olie axil o duoyd g gl 0 lo ire DS 0B LSD 5e3l Billae cygiw pa 30 S i By S JBlas gl sl il

S lailial glas * o Sl 51 o ,le sus &)
Means with the same letters in the same column are not significantly different at 5% of probability level using LSD test. Values are
means + SE (standard error).
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