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ABSTRACT

Introduction: Oat is one of the most important plants in the cereals family. Oat grain is used for humans and livestock, and its forage is used for
livestock. Iran is located in an arid and semi-arid region. The average annual rainfall in Iran is about one-third of the world average. Therefore,
drought stress in Iran is the most critical environmental stress that limits the growth and yield of crops. Nitrogen is one of the essential nutrients
for crops. In the world and Iran, nitrogen is used more than other fertilizers. Nitrogen uptake by the plants from the soil is accompanied by water.
Therefore, drought stress interferes with nitrogen uptake. Accordingly, the present experiment aimed to investigate the effect of drought stress
after anthesis and nitrogen amounts on the physiological characteristics of three oat cultivars.

Materials and methods: The experiment was conducted as a split-plot factorial based on randomized complete blocks design with three
replications at Research Farm of Razi University during 2013-14 cropping year. Post-anthesis moisture conditions (normal and stress) were
considered as the main factor and the combination of two factors including oat cultivar (Potoroo, Quoll, and Brusher) and nitrogen supply (O, 25,
50, 75, and 100% nitrogen requirement for oat) as the sub-factor. Nitrogen levels were selected based on the soil test results and the nitrogen
requirements of oat in the irrigated farm without drought stress. The source of nitrogen was urea fertilizer (containing 46% nitrogen).

Results: The results showed that the moisture and nitrogen treatments significantly affected the studied physiological traits. According to the
results, the post-anthesis drought stress led to a decrease in SPAD at anthesis and grain filling stages (12.5 and 30.6%, respectively), a decrease in
FV/IFM at anthesis (5.3%), an increase in stomatal resistance at anthesis and grain filling stages (94 and 77%, respectively), and an increase in
grain protein content (2.3%). Supply 100% of the plant nitrogen requirement compared to 0% led to improvement of SPAD at anthesis and grain
filling stages (63 and 64%, respectively), an increase in FV/FM at anthesis and grain filling stages (13.2 and 13.4%, respectively), an increase in
stomatal resistance at anthesis and grain filling stages (163 and 148%, respectively), an increase in chlorophyll a and b (16 and 29%,
respectively), reduction of chlorophyll a/b ratio (10%), and finally an increase in grain protein content (1.5%).

Conclusion: The physiological traits associated with the photosynthesis of oat plants can be improved by the proper supply of moisture and
nitrogen.
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Table 1. Meteorological characteristics of the experiment location during 2013-14 crop year.

b 5,3l

St

e ©o O D059 Syl b
Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June
—
Kol 00 1310 08 104 682 343 354 252 0.0
Rainfall (mm)
s 853 755 0.2 0.0 0.0 0.0 822 1205 3056
Evaporation (mm)
led Loy 187 106 31 4.4 3.0 4.4 11.9 17.8 23.9
Mean Temp. (°C)
A les 324 246 188 158 149 220 192 26.5 33.7
Max. Temp. (°C)
Bl sl 25 19 87 90  -112  -112  -47 9.3 143

Min. Temp. (°C)
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Table 2. Physical and chemical analysis of the soil.
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deoth Textﬁre Clay Silt Sand Organic N P K oH
(cEn) (%) (%) (%)  carbon (%) (%) (ppm)  (ppm)
0-30 Silty-clay 52 46 2 11 0.11 8.6 410 7.9
30-60 Silty-clay 54 45 1 11 0.11 7.8 390 7.8
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Table 3. Analysis of variance (mean squares) for drought, cultivar, nitrogen and their interaction
effects in terms of physiological traits in oat.

Stomatal

ol e SPAD Fv/Fm  Stomatal - Grain
ol L t
s & df ;\F;hAe Eis grain a';;’r/];”i's grain  resistance remﬁgce Chl-a Chl-b (;'/T protein
SO.V. filling filling  anthesis f?”ing content
<
’ ’S’ . 2 1687"  10.2"™  0.009"™  0.001™ 0.25" 660" 57" 45" 19.1™  30.8™
Replication
& 1 4625  1049° 0.034™ 0.018™  8591™ 29162" 555m 117" 328" 116"
Drought (D)
Y el
2 20083 23.9 0.01 0.004 0.31 708 571 185 219 5.27
Error 1
_”5) 2 1441 487 0.015™  0.002" 107" 1487 458™ 15.6™ 80.5™ 1057
Cultivar (C)
DxC 2 10977 325"  0.014™ 0.007" 638 2559" 459" 035" 103 1.16"
. 0397~ 4 2383™ 1518 0.021™ 0.015™  2128™ 10559™  500™ 7.8™ 95.0™ 6.90"
Nitrogen (N)
DxN 4 251" 179™  0.002"  0.004" 213" 682" 0.08" 0.08 9.1  0.08"
CxN 8 1509 87.77 0.001™  0.003" 146™ 181 0.05" 0.05" 7.0  0.04"
DxCxN 8 64.0" 15.8™  0.002™  0.002" 20.7" 794 0.04"  0.50™  8.6™ 0.04ns
las
Yo 56 181 14.12 0.002 0.001 19.7 326 5.84 0.29 491 0.30
Error 2
- 24.6 3.99 6.12 4.75 13.60 27.83 10.5 5.8 6.7 5.12
CV (%)

wlberigns o115 Fv/Fm anthesis, grain filling cals o 5 g Gladles,5 >l 10 5y (K5 (a3l SPAD anthesis, grain fiIIingT
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ns, * and **: not significant, significant at 5 and 1% probability level, respectively.
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Table 3. Analysis of variance (mean squares) for drought, cultivar, nitrogen and their interaction
effects in terms of physiological traits in oat.

Stomatal

ol e SPAD Fv/Fm  Stomatal - Grain
ol L t
s & df ;\F;hAe Eis grain a';;’r/];”i's grain  resistance remﬁgce Chl-a Chl-b (;'/T protein
SO.V. filling filling  anthesis f?”ing content
<
’ ’S’ . 2 1687"  10.2"™  0.009"™  0.001™ 0.25" 660" 57" 45"  19.1™  30.8™
Replication
& 1 4625  1049°  0.034™ 0.018™  8591™ 29162" 555m 117" 328" 116"
Drought (D)
Y el
2 20083 23.9 0.01 0.004 0.31 708 571 185 219 5.27
Error 1
_”5) 2 1441 487 0.015™  0.002" 107" 1487 458™ 15.6™ 80.5™ 1057
Cultivar (C)
DxC 2 10977 325"  0.014™ 0.007" 638 2559" 459" 035" 103 1.16"
. 0397~ 4 2383™ 1518 0.021™ 0.015™  2128™ 10559™  500™ 7.8™ 95.0™ 6.90"
Nitrogen (N)
DxN 4 251" 179™  0.002"  0.004" 213" 682" 0.08" 0.08" 9.1  0.08"
CxN 8 1509 87.77 0.001™  0.003" 146™ 181 0.05" 0.05" 7.0  0.04"
DxCxN 8 64.0" 15.8™  0.002™  0.002" 20.7" 794 0.04"  0.50™  8.6™ 0.04ns
las
Yo 56 181 14.12 0.002 0.001 19.7 326 5.84 0.29 491 0.30
Error 2
- 24.6 3.99 6.12 4.75 13.60 27.83 10.5 5.8 6.7 5.12
CV (%)

wlberigis 1,5 Fv/Fm anthesis, grain filling cals o 5 g Gladles,5 >l 10 5y (K jew (2>Ls SPAD anthesis, grain fiIIingT
Chl-a wils o 5 5 Sladles 5 o slasse, cuwglie Stomatal resistance anthesis, grain filling cals ol 5 g Sladles,s 0 ¥ cunwgis
Al yat3s 5 sleime Grain protein content 5 a/b ey ls cos Chl a/b b Lsg,I5 Chl-b @ 54,15

**x *

o0 G gy Jleisl e (o o g g I8 Sy S 5 4 FF 97 NS
ns, * and **: not significant, significant at 5 and 1% probability level, respectively.
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Table 4. Mean comparison of drought x cultivar interaction in terms of physiological traits in oat.

) Stomatal . . -
3 (g0 .

L;esb.) bl ) SPAD SPAD Fu/Fu resistance Stomatal resistance Grain protein
Moisture : - grain - - grain filling content
>t Cultivar  anthesis - anthesis anthesis 1 N
conditions filling (s.cm) (s.cm™) (%)
Jl,s Normal Potoro 54.2° 67.1° 0.75% 17.32¢ 49.86% 8.75°

Quall 49.7¢ 67.2° 0.76° 17.48¢ 54,02 9.56¢

Brusher 58.82 71.32 0.75? 27.17° 36.95¢ 10.28¢

o5 Stress Potoro 45.5¢ 46.7° 0.772 39.23° 67.01° 11.30°
Quall 45.0° 46.8° 0.68° 44832 90.812 12.032

Brusher 51.7¢ 49.0 0.69° 36.52° 91.01a 12.118

(P<0.05) axza (SSls (yge;] Lolusl 1 lo sire (T 0Bl (S jiie By glls gl Kilio oygim ,o 0
In each column, the means with the same letters are not significantly different based on Duncan's test (p<0.05).

(=3 Ve 50 Sjgle b Wlho S 51 (39 i ool ST (Sl A lio -0 Jgu
Table 5. Mean comparisons of nitrogen effect in terms of physiologic traits in oat.

i ol e Stomatal Grain
Q57 S SPAD  FviFum resistance Chl-a Chl-b protein
Nitrogen anthesis  anthesis  grainfilling  (mg.g*FW) (mg.g'FW) Chlab  content
treatments (s.cm?) (%)
0% N 380°  0.68° 38.9° 235° 9.6° 2395 9.76°
25% N 4700 073 48.5¢ 24.5¢ 10.3° 2377 10.36™
50% N 5070 0.74%® 50.8° 25.5° 115 221" 10.84°
75% N 56.1>  0.76° 79.3b 26.00 12,0 216° 1116
100% N 6222 0.77° 98.9° 27.3° 1270 214° 1125

(p<0.05) s SSls Qj.o)'—‘ ool o lo cime BB A8 S e By JBlas ) slo Sl ygi o 50
In each column, the means with the same letters are not significantly different based on Duncan's test (p<0.05).

Obes 5 gold bl o b el Sy
o S 25 Jlesl 55 (Ghobadi et al., 2018)
3 ol s o) Sy (S el als
Gl s A sy pllesl S e a8 cl Jl>
Sy K S R o (K25 e o 0
Panasiewicz et ) wo 5 Sy mhw Lasls Lials L

(l., 2017

Jedo S bl ) pals lyie 4 S (S (s
Sy Judg ks a5 Sl o] 51 ogh e eoliul ol jo
Sl oyl gueb, i ol Lol (S
4 O5sr 4 ol S et sl a5l 2 ogdle SPAD
Sbse s ooad S8y S Dald Sl wgee LB

Jds a4 ugb, s Lyls o (Ladha et al., 1998)
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Table 6. Mean comparisons of cultivar x nitrogen interaction in terms of SPAD and Fv/Fwm in oat.

™) 595 sl jles SPAD Fyv/Fum
Cultivar Nitrogen treatments grain filling grain filling

Potoroo 0% N 36.9" 0.68¢

25% N 45.9f 0.72b¢

50% N 49.98 0.70¢

75% N 56.5¢ 0.70¢

100% N 60.2b 0.772

Quoll 0% N 29.4i 0.70c

25% N 4159 0.70¢

50% N 47.7¢F 0.75%

75% N 56.3¢ 0.72@

100% N 61.9° 0.75%

Brusher 0% N 47.7¢f 0.63¢

25% N 53.8d 0.70¢

50% N 54.5¢d 0.70¢

75% N 55.7¢ 0.72b¢

100% N 64.72 0.772

(p<0.05) sz SSls Qy.j-l R R NP TORE ) FES IR LI SR JEpp [ NP PG & PO ST
In each column, the means with the same letters are not significantly different based on Duncan's test (p<0.05).

(S S 2l Gl o (SiS leg as ol
Panasiewicz et ) wo 5 Sy zhw a3ls Lials Ll
.@l., 2017
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S9y 08y x (S bl Jlg (59,505 9 08, ool sla )]

@L&‘.é‘oa)f > 0 ¥ P 9 u;.’.l‘. gud u_ll)lf
9 u)ﬁ)*-*-’ oolw ).:‘ slo udw: 2 4\1.’>)A 0 WO )‘DGJM
X 08y 5 Oigres X (SdS by x (Sis Jlie sla Sl
2 (V) Jgaz) wvg o gxe Cdo (pl 55, 2 095
S i polie Sl anlie o Sladlos )5 al>

@D Giar 05 lade Gl LS s ol )

Jo S bl ) pals lyie 4 S (Sujew (a3 ls
S bl a5 alr T ) asdiee edliud lals )
Sl wyls gusb, s oad Lol (SKen
4 O % olS LS e sln o5 Gl ogdle SPAD
Wil se o odd by s Sad Sle gy 00
Juds a4 ugb, s Lyls o (Ladha et al., 1998)
JP SR T-Y'H KU SRR TRE SN LVOWIN ] S P LIE W ALY
Oen 5 @old Gl o b helS Sy
o St 5 Jleel 55 (Ghobadi et al., 218)
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uiels (Ghobadi et al.,, 2018) |, Ken 4 (sol3
LS Sh9rs 3 ey Ve b Ve D) (5e ks cenlyd
@lertgd Sdld Sl b s alS e (88
35 Y i gid

O5eST oS Sl koS clled ush,
siSly S, 5o (Oxygen evolving complex)
a3l SheaS ol iboicgn PEST s |y ¥ s
oSk Y 5 YT OV JoSse sl b sy
A 9SS slid fpesd Ceew jo a5 oud JSAS
Pzl b¥s 51 (S asies fate D2 g D1 slois
RS9 3 5T oaitS ST SLaS cllad 4
@lerdsgd 2L (nlple g oon (Sis 25 Jl s Da
,» (Huseynova, 2012) wl o uolS ¥V aiewgid
2 1Y pgid 05 ads Lol 55l o5 )50
3 (Ws)l5 alasS) o) bS5 (S wile e Ol
QD e o Wl s Blal g8l e, sasSTy
4 olSe il lalgas eole obml L iliSalng
@ oSl 5 Logisn Jlail wsdoe o eliSTy
Light harvest ) ;¢ eosS il o (wSleS slaputigy
LS S @ (SLal 5 251 & e (COMplex
(Taiz & Zeiger, 2012) 55 o
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G e Gl cen (K55 A5 g
O e9y55 08y 0 Lol w0 5T Y ingid olanligid
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Sl 0395 Olime RIF d) aw 2 0 Koo o)le
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05) A Om S Ui polie o8 S s cas
JIIEI. P 55 5 45 G sk 10,5 saslive olacslis
5 5% clpd, 5l e Cho (nl Gg; Oisre 928
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39 38 5 38 8 5l elogisd (Juds kS il sld
0% 23 5l G adliglh 0@ 89,15 Ly o5 wites
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Table 7. Mean comparisons of drought x nitrogen interaction in terms of stomatal resistance in oat.

shsb, bl Ohers syl Stomatal resistance anthesis

Moisture conditions Nitrogen treatments (s.cm™)
J, Normal 0% N 10.7"
25% N 12.69

50% N 20.5

75% N 25.1¢

100% N 30.4¢

Ui Stress 0% N 23.8°f
25% N 30.2¢

50% N 41.0¢

75% N 45.3°

100% N 60.52

(P=0.05) wiiwn S5ls yge;T bl 31 lo e IS 08 oS jie By sl sla Kile (gt o )0
In each column, the means with the same letters are not significantly different based on Duncan's test (p<0.05).
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