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Table 1- Atmospheric parameters during the period of wheat growth (Source; Ardabil Meteorology Department)
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Table 2- Physical and chemical characteristics of experimental farm soil
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Table 4- Mean comparisons of the effects of irrigation levels, biofertilizers and putrescine on Chlorophyll content and grain yield of

wheat
a Judg 5 S5 Judo s b Judg i &l 3.Sles
Chlorophyll a Total Chlorophyll Chlorophyll b Grain yield (g. m?)
(mg. g7 FW) yeel
ol il 0.184c 0.105b 0.390c 453.3¢
L o Irrigation withholding in booting
ol . T
Irrigation levels omddepaleldd 0.319b 0.129a 0.449b 641.24b
Irrigation withholding in heading
Full irrigation  JelS" ¢,y 0.337a 0.141a 0.478a 682.68a
LSD 5% 0.0169 0.0131 0.022 35.77
et 355 )8 pae 0.276¢ 0.102¢ 0.379¢ 489.55d
No application bio fertilizer
porSlgMs 5 wligedges plg 208
both application Psedomunas and 0.311b 0.124b 0.435b 686.42a
ity slmagS Flavobacterim
Bio fertilizers poyShoMd 5 wligedgu b 31)65ue plgs 3,018
Both application of mycorrhiza with 0.34% 0.148a 0.498a 624.04b
Psedomunas and Flavobacterim
ogsen 28 0.318b 0.125b 0.444b 569.61¢
Mycorrhiza application
LSD 5% 0.0195 0.0152 0.0254 41.3
‘-‘“*fw’lm P 0.291c 0.11c 0.402c 569.33b
iy, o no foliar application
Oy s
foliar application o Yoedee (_)/ 5 0.313b 0.125b 0.439b 589.87ab
- 0.5 mM putrescine
Putrescine e 1
owern Vg 0.335a 0.14a 0.476a 618.02a
1 mM putrescine
LSD 5% 0.0169 0.0131 0.022 35.77
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In each column means followed by the same letter(s) are not significantly different
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Table 5- Means comparison the effects of treatment compound irrigation levels and biofertilizers on
Chlorophyll content and grain yield of wheat

o a5 a Jidg 5 b Judg 15 S5 Jedg s 4> 3,Sos
Tt Chlorophyll a Chlorophyll b Total Chlorophyll Grain yield

Treatments combination (mg 21 FW) (g.m?)

B: 0.248e 0.082f 0.331e 403.42¢

| B, 0.278de 0.103ef 0.382de 496.8cd

! Bs 0.315bc 0.126bcde 0.442bc 470.65cd

B, 0.296¢cd 0.108ef 0.404cd 442.31de

B1 0.285cd 0.109def 0.395cd 529.35¢

| B, 0.316bc 0.126bcde 0.443bc 762.83a

2 Bs 0.335b 0.137bcd 0.473b 655.08b

B, 0.34b 0.144b 0.484b 617.71b

B1 0.295cd 0.114cde 0.41cd 535.88¢c

| B, 0.338b 0.142bc 0.48b 799.64a

3 Bs 0.395a 0.182a 0.578a 746.38a

B, 0.318bc 0.125bcde 0.443bc 648.81b

LSD 0.05 0.036 0.027 0.053 66.58

o )bl e modlinn 53 ()bl gad il o o)l @b sl g 1o oy
505500 38 o iSgdlo 5 ligagdge b 33550 g5 2,)15 32 SgME 5 (ubsegasus plgs 2,15 st (sladgS 3,8 pae i By s By By By
AJ)L\J o2 L d)lju:-'-‘ d)l-‘] AW Oy ) J)........a d5)> L dbaogiﬂ.:n
I3, I, and l3; irrigation withholding in booting, irrigation withholding in heading and full irrigation respectively
B,, B, B; and By; no biofertilizer, both application Psedomunas and Flavobacterim, both application of mycorrhiza with
Psedomunas and Flavobacterim, application of mycorrhiza, respectively
In each column means followed by the same letter(s) are not significantly different

S Uiy IS (glgione 12 (i igd 9 (5 3lel Tobaw ()los cuS 5 1 (uSSlhe duany o -6 Jga
Table 6- Means comparison the effects of treatments compounds irrigation levels and putrescine on Chlorophyll content of

wheat
Solosi S 5 a Judg 5 b Jsdy 5 8 b s
Treatments combination Chlorophyll a Chlorophyll b Total Chlorophyll
(mg g-* FW)
P; 0.261f 0.08% 0.35f
Iy P, 0.274ef 0.098de 0.373¢f
Py 0.318bcd 0.128bc 0.446bcd
P, 0.297de 0.118cd 0.416de
I, P, 0.312cd 0.12cd 0.433cd
P, 0.348ab 0.148ab 0.497ab
P, 0.316bcd 0.124bcd 0.44cd
I3 P, 0.354a 0.156a 0.51a
Ps 0.34abc 0.142ahc 0.483ahc
LSD 0.05 0.035 0.025 0.053

JolS” )bl ol )3 il gab sl 3 o)l e s s ilz g o g
s Moo 19 005 5,08 il Jgows pie i Py 9 Po Py
.AJ)L\J o2 L d)bu:-“ d)lni AW R BLEN J)........a d9)> L dhzo;.ﬂ.:n
I3, 1, and I5; irrigation withholding in booting, irrigation withholding in heading and full irrigation, respectively
P,, P, and P3; no foliar application, application 0.5 and 1 mM of putrescine, respectively
In each column means followed by the same letter(s) are not significantly different
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Table 7- Means comparison the effects of treatments combination irrigation levels, biofertilizers and putrescine on root weight and volume,
carotenoids, maximum of grain weight, effective period, rate and grain filling period of wheat

09 e o e 12355 Job 2 Fge 093
Sled ey Ay, SWS alyy > W B gl Wil S5 &l Em s &l sl
Treatments Root weight Root volume Carotenoids Maximum Grain filling . ""w_ Effective
combination (9. m? (cm?) (mg. g1 FW) of grain rate filling Grain grain filling

period (day)

weight (g) (mg. day™®) period (days)

1;xB1%P; 80.970 198.33n 5.281 0.0361r 1.6s 33.15q 22.57p

1;xB,%P; 109.45k-n 243.33j-n 6.67f-1 0.0397p-q 1.690-q 34.050-p 23.52n

1;xB3%P; 108.6l-n 246.67i-n 6.2g-1 0.0432m-n 1.86j-k 33.59p-q 23.24n-0
1;xB4%P; 107.881-n 2251-n 5.89h-1 0.0416n-p 1.81k-I 33.54p-q 22.96n-p
1;xB %P, 95.38m-0 223.33l-n 5.68k-1 0.0384p 1.690-q 34.17n-0 22.730-p
1;xB,%P, 103.05m-0 238.33j-n 5.66k-1 0.0417n-p 1.79 I-m 33.900-p 23.32n

1;xB3xP, 137.97d-j 296.67e-j 7.4e-k 0.0484i 1.97g-i 35.44k 24.561-m
1;xB4%P, 106.421-0 241.67j-n 6.13g-1 0.0418n-p 1.78 1-n 34.69m-n 23.51n

1;xB ;%P3 85.42n-0 206.67m-n 5.82i-1 0.0415n-p 1.83k-I 34.93I-m 22.67p

1;xB %P3 141d-l 295e-k 7.71d-j 0.0485i 2g-h 34.83m 24.24m
1;xB3%P3 148.35h-e 335b-f 8.44b-f 0.0518f-h 2.12d-e 35.61j-k 24.45m
1;xB4%P3 151b-e 340b-e 8.83b-e 0.0508h 2.07e-f 35.67i-k 24.561-m
1,xB1%P; 106.931-0 231.67k-n 5.75j-1 0.04060-p 1.65g-r 36.06i-j 24.601-m
1,xB %Py 115.7i-m 273.33f-1 5.69k-1 0.0437j-m 1.72n-p 35.97i-k 25.41k

1,xB3%P; 131.03e-l 295e-k 7.32e-k 0.0513g-h 1.97g-i 37.42g-h 26.06j

1,xB4%P; 113.33j-m 270g-m 7.83b-h 0.0453j-m 1.70q 37.55e-h 26.65f-i
1,xB1 %P, 116.07h-m 268.33g-m 5.82i-1 0.0422n-0 1.73m-p 36.21i 24.39m
1,XB,%P, 143.35b-f 316.67c-h 8.02b-g 0.0463i-j 1.74m-o0 37.31h 26.61g-j
1,xB3%P, 142.07c-h 315d-h 7.77c-i 0.0509h 2.03f-g 37.50f-h 25.09k-I
1,xB4xP, 131.33e-l 290e-k 6.62f-1 0.0483i 1.96h-i 37.59e-h 24.771-m
1,xB1 %P3 110.27k-n 265g-m 5.92h-1 0.0455j-1 1.74m-o0 37.53e-h 26.12i-j
1,xB,%P3 135.03e-k 308d-i 8.81b-e 0.0540e-f 1.98g-i 37.68d-h 27.26b-e
1,xB3%P3 150.53b-e 340b-e 9.44b-d 0.0551d-e 2.03f-g 38.28b-c 27.13d-g
1,xB4%P3 169.38a-b 393.33a-b 9.75b 0.0611b 2.26a-b 37.48f-h 27.07e-g
13xB %P, 107.051-n 236.67j-n 5.96h-1 0.0433I-n 1.649-s 37.44f-h 26.42h-j
13xB %Py 117.15g-m 256.67h-n 6.63f-1 0.0457j-k 1.680-r 37.26h 27.20c-f
13xB3%P; 154.52h-e 340b-e 8.58b-f 0.0545d-e 2.03f-g 37.97cg 26.84e-h
13XB4%P; 109.88k-n 240j-n 6.41g-l 0.0435k-n 1.62r-s 37.61e-h 26.83e-h
13xB %P, 117.4f-m 243.33j-n 6.26g-1 0.0445j-m 1.67p-r 38b-f 26.68f-i
13XB %P, 154.83b-e 345h-e 9.7b-c 0.0575¢ 2.14c-d 38.33b-c 26.85e-h
13xB3xP, 161.82a-d 371.67b-d 9.67b-d 0.0610b 2.2b-c 34.4b 27.74a-c
13XB4%P, 167.7a-c 380b- ¢ 9.68b-d 0.0563c-d 2.08d-f 38.08b-e 27.06e-g
13xB ;%P3 113.23j-m 255h-n 5.9h-I 0.0454j-m 1.680-r 38.43b-c 27.02e-g
13xB %P3 142.02c-h 323.33c-g 7.85b-h 0.0533e-g 1.92i-j 38.24b-d 27.79a-b
13xB3%P3 180.95a 445a 12.18a 0.0641a 2.28a 39.17a 28.14a

13XB4%P3 142.38¢c-g 315d-h 7.44e-k 0.0513g-h 1.87j-k 38.46b-c 27.47b-d

LSD 26.08 63.72 1.97 0.0022 0.065 0.5613 0.56

o el 5 (m3a o ilal b ] > ol e e ily 5 1o dy
505550 2515 pz ySbMb 5 aligogdgus b f2)9Se 3,2)8 o S LgMS g uligagages plg5 3,2 un sladsS 35 pie i By 5 By By By
omein Vaaiho Ly 05 3,18 (8l Jsloxo pae o5 P g P2 Py
3,85 0 b 6)bsine o ylol BB gty 1 S yidio gy b (slaySle
11, I, and lg; irrigation withholding in booting, irrigation withholding in heading and full irrigation respectively
B,, By, B; and B,; no biofertilizer, both application Psedomunas and Flavobacterim, both application of mycorrhiza with Psedomunas and
Flavobacterim, application of mycorrhiza, respectively. P;, P, and P no foliar application, application 0.5 and 1 mM of putrescine, respectively.
Means with similar letters in each column are not significantly different
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Figure 1- Effect of irrigation levels
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Introduction

Drought is the most severe abiotic stress factor limiting plant growth and crop production. Many

physiological processes in plants are impaired by drought stress. Also, this stress can damage the photosynthesis
of plants, pigments and plastids reduce chlorophyll a, chlorophyll b and other carotenoids, hydrolyze proteins
and prevalent photochemical reactions in most plants. The response of plants to drought stress depends on
several factors such as developmental stage, severity, duration of stress, and cultivar genetics. Several strategies
have been developed in order to decrease the water limitation-induced toxic effects on plant growth, among them
use of bio fertilizers and putrescine play a key role in yield improvement. The aim of this study was to
investigate the effects of irrigation withholding during reproductive stage and putrescine and bio fertilizers
application on grain filling period, chlorophyll content and yield of wheat.

Materials and Methods

A factorial experiment was conducted based on randomized complete block design with three replications at
the research farm, faculty of Agriculture and Natural Resources, University of Mohaghegh Ardabili during 2018-
2019. Factors experiment were included irrigation at three levels (full irrigation as control, irrigation withholding
in 50 percent of heading stage and irrigation withholding in 50 percent booting stage as moderate and severe
water limitation respectively) and bio fertilizers at four levels (no bio fertilizer, application of mycorrhiza
(Glomus Intraradices), both application Psedomunas (Psedomunas Putida Strain 186) and Flavobacterim
Spp, application of mycorrhiza with Psedomunas and Flavobacterim), foliar application putrescine in three
levels (foliar application with water as control and foliar application 0.5 and 1 mM of putrescine). Mycorrhiza
fungi was purchased from the Zist Fanavar Turan corporation and soils were treated based on method of
Gianinazzi et al. (2001). Psedomunas and flovobacterium were isolated from the rhizospheres of wheat by
Research Institute of Soil and Water, Tehran, Iran. Two part linear model was used to quantifying the grain
filling parameters. In this study, total chlorophyll, chlorophyll a, b, carotenoid, grain filling components and
yield of wheat were investigated. Grain dry weight and number were used to calculate the average grain weight
for each sample. Total duration of grain filling was determined for each treatment combination by fitting a
bilinear model:

_f(a+bt, t<T,

W = {a + bt t>T,

Effective grain filling duration (EGFD) was calculated from the below equation: EGFD = the highest grain
weight (g)/rate of grain filling (g.day™).

Results and Discussion

Means comparison showed that maximum of grain weight (0.0641 g), grain filling rate (2.28 mg.day™), grain
filling period (39.7 day) and effective grain filling period (28.14 day) were obtained in full irrigation, application
of mycorrhiza with Psedomunas and Flavobacterim and foliar application 1 mM of putrescine and the least of
these traits (0.0361 g, 1.6 mg. day, 33.15 and 22.57 days respectively) were obtained in irrigation withholding
at booting stage and no application of putrescine and bio fertilizers, there were an increase about 77.56%, 42.5%,
19.76% and 24.68% in this treatment compounds in comparison with withholding at booting stage and no
application of putrescine and bio fertilizers. Full irrigation, both application Psedomunas and Flavobacterim
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with mycorrhiza and foliar application 1 mM of putrescine increased volume and root dry weight 124.37 and
123.47% respectively. Grain yield under irrigation withholding in heading and booting stages decreased in
comparison with full irrigation. The highest grain yield was obtained in full irrigation (682.68 g.m?), both
applizcation Psedomunas and Flavobacterim (686.42 g.m?) and foliar application 1 mM of putrescine (618.02
g.m™).
Conclusions

Based on the results of this study, it seems both application of mycorrhiza with Psedomunas and
Flavobacterim and foliar application 1 mM of putrescine with full irrigation can increase grain yield of wheat
due to improve biochemical and physiological traits under water limitation condition in reproductive stages.

Keywords: Bio fertilizers, Grain filling rate, Mycorrhiza, Water limitation



