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Table 1. Physical and chemical characteristics of the experimental farm soil 

pH Texture 
SP Lime Clay Silt Sand  Organic carbon N  P K Zn Character 

Percent  mg.kg-1 

Value 7.8 Loam 49 14.4 23 42 35  0.62 0.06  8.29 212 1.8 
 

 

 - 3R2 - !fl� &%� !=�<E0 C! 34� :� � ���;�"��
 (F����0 2�"�0 !��,40�& F' :�0�0 :�9��)  
Table2. Meteorological parameters during the growth period of triticale (Source: Ardabil Meteorological Office) 

Mar Feb Jan Dec Nov Oct Parameter 
14.8 27.4 23.6 3.5 13.9 53.3 Rainfall (mm) 

6.3 -1.2 1.7 4.1 7.3 15.4   Temperature mean (°C) 

171.7 168.5 134.9 131.1 151.9 240.6 Sunny hours 

68 72 71 73 75 66 Relative humidity mean (%) 
Sep Aug Jul Jun May Apr Parameter 

12.9 4.7 3.7 6.6 56.5 26.8 Rainfall (mm) 

16.8 18.4 18.9 18.9 13.1 6.7   Temperature mean (°C) 

267.9 248.2 298.5 314.3 211.3 156.1 Sunny hours 

71 74 66 60 70 73 Relative humidity mean (%) 
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Table 3. Characteristics of vermicompost obtained from Gilda company 

pH 
EC 

(dS.m-1) 

OM OC Mg Ca K P N  Cd Pb Zn Cu Mn Fe  Characteristic 

(%)  (mg.kg-1)   

7.64 1.12 56.8 32.9 0.95 2.73 0.4 0.4 1.55  1 19 110 20 275 5000   
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Table 4. Analysis of variance of the effect of bio-fertilizers and putrescine on root weight and volume and grain 
filling components of triticale under different irrigation levels 

Mean squares 
df Source of variation Effective grain 

filling period 
Grain filling 

period 
Grain filling 

rate 
Maximum 

grain weight 
Root volume 

Root dry 
weight 

1242.6** 2316.9** 4.65** 0.004** 393275.1** 28616.4** 2 Replication 

155.1** 88.5** 0.034** 0.00075** 213182.5** 76958.5** 2 Irrigation levels (I) 

91.2** 50.9** 0.021** 0.0045** 144479.6** 46691.1** 3 Bio fertilizers (B) 

60.3** 32.2** 0.016** 0.0003** 96960.2** 30757** 2 Putrescine (P) 

20** 22** 0.0053** 0.0001** 3517.1** 568.6** 6 I×B 

7.1* 61** 0.0018* 0.0002** 2042** 488.7** 4 I×P 

0.47ns 0.25ns 0.003** 0.00005** 3217.9** 1033** 6 B×P 

0.42ns 36** 0.0016* 0.00002* 2818.3** 455** 12 I×B×P 

2.42 3.41 0.006 0.0000091 112.5 14.5 70 Error 

5.26 4.57 4.27 5.67 7.47 4.66 - CV (%) 
ns, * and **: Not-significant and significant at 5% and 1% probability levels, respectively. 

  

 - 3R5 -  ��N/��� �#��.���*�
 %�&��' !"#�$   ����
�� �� 2$    W5V �8��   �����%�& �� 234 �/0� ���;�"��
 �� B�T� t<"k� %����> 

Table 5. Comparison of means of the effect of bio-fertilizers and putrescine on root weight and volume and grain 

filling components of triticale under different irrigation levels 

Estimated equation 
Grain filling 
period (day) 

Grain filling rate 
(mg.day) 

maximum of 
grain weight (g) 

Root volume 
(cm3.m2) 

Root dry 
weight (g.m2) 

Treatments 

Y=0.00179x-0.0201 40.13j 1.79ef 0.0518jk 623.1opq 384.9pq I1×B1×P1 

Y=0.00181x-0.0197 40.45ghij 1.81cd 0.0538hi 646.5no 390.2op I1×B2×P1 

Y=0.00184x-0.0194 40.94g 1.84b 0.056fg 760gh 426.6jk I1×B3×P1 

Y=0.00184x-0.0185 42.08cdef 1.84b 0.0592bcd 833.1abc 483.9cd I1×B4×P1 

Y=0.00179x-0.0198 40.14ij 1.79ef 0.0521ij 718.1ijk 407.2mn I1×B1×P2 

Y=0.00182x-0.0185 40.94g 1.82c 0.0564efg 796.5de 463.6efg I1×B2×P2 

Y=0.00184x-0.0184 41.9def 1.84b 0.0586d 804cde 476.2de I1×B3×P2 

Y=0.00185x-0.0182 42.52bcd 1.85ab 0.0611ab 851.1a 501.1ab I1×B4×P2 

Y=0.00186x-0.0197 41.82ef 1.86a 0.0581de 793.3def 454.9gh I1×B1×P3 

Y=0.00186x-0.0188 42.44bcde 1.86a 0.0607ab 818.8bcd 493.1bc I1×B2×P3 

Y=0.00184x-0.0196 42.8b 1.84b 0.061ab 842.8ab 499ab I1×B3×P3 

Y=0.00178x-0.0165 44.07a 1.78fg 0.0621a 844.1ab 508.4a I1×B4×P3 

Y=0.00174x-0.0204 37.23no 1.74jk 0.0444opq 524.8wx 321.7wx I2×B1×P1 

Y=0.00175x-0.0199 38.38l 1.75ij 0.0475mn 610.1pqrs 338.1uv I2×B2×P1 

Y=0.00176x-0.0195 39.44k 1.76hi 0.0501kl 627.1op 374.9qr I2×B3×P1 

Y=0.00185x-0.0199 40.96g 1.85ab 0.0557fgh 746.6hi 439.8ij I2×B4×P1 

Y=0.00176x-0.0206 38.09lm 1.76hi 0.0467n 562.1tuv 328vwx I2×B1×P2 

Y=0.00179x-0.0194 40.17hij 1.79ef 0.0527ij 683.8lm 378.1pqr I2×B2×P2 

Y=0.00180x-0.0196 40.32ghij 1.8de 0.0533ij 690.8klm 502.5no I2×B3×P2 

Y=0.00185x-0.0191 42.04cdef 1.85ab 0.0587cd 763.5fgh 461fgh I2×B4×P2 

Y=0.00176x-0.0201 39.4k 1.76hi 0.0496d 620.9opqr 369.7rs I2×B1×P3 

Y=0.00185x-0.0202 40.78ghi 1.85ab 0.0554gh 726.6ij 421.2klm I2×B2×P3 

Y=0.00184x-0.0191 41.86ef 1.84b 0.0581de 796.8de 447.2hi I2×B3×P3 

Y=0.00185x-0.0188 42.55bc 1.85ab 0.0606abc 811.3cd 470.1def I2×B4×P3 

Y=0.00169x-0.0200 36.61o 1.69l 0.0421r 521.6x 313.6x I3×B1×P1 

Y=0.00170x-0.0199 36.62o 1.7l 0.0425qr 552.8vw 326.4vwx I3×B2×P1 

Y=0.00176x-0.0207 38.21l 1.76hi 0.0468n 592rst 353tu I3×B3×P1 

Y=0.00178x-0.0198 40.18hij 1.78fg 0.0519ijk 677lm 385.7pq I3×B4×P1 

Y=0.00173x-0.0203 37.19no 1.73k 0.0441pq 544.1vwx 316.4x I3×B1×P2 

Y=0.00174x-0.0199 37.01no 1.74jk 0.0445op 583.1stu 349.4tu I3×B2×P2 

Y=0.00175x-0.0196 38.07lm 1.75ij 0.0473mn 596.5qrs 358.5st I3×B3×P2 

Y=0.00185x-0.0200 40.79gh 1.85ab 0.0555gh 735.5hi 423.2kl I3×B4×P2 

Y=0.00177x-0.0202 37.47mn 1.77gh 0.0462no 555.8uv 334.5vw I3×B1×P3 

Y=0.00176x-0.0192 38.51l 1.76hi 0.0488lm 667mn 382.3pqr I3×B2×P3 

Y=0.00181x-0.0196 40.28hij 1.81cd 0.0534ij 702.1jkl 409.2lmn I3×B3×P3 

Y=0.00174x-0.0192 41.66f 1.84b 0.0576def 780.8efg 450.1ghi I3×B4×P3 

- 0.648 0.0157 0.0019 30.286 14.894 LSD 
I1, I2 and I3 are normal irrigation, moderate irrigation withholding of heading stage and booting stage respectively. B1, 
B2, B3 and B4 are no application of bio fertilizers, application of vermicompost, application of Mycorrhiza, both 
application of application of and Mycorrhiza. P1, P2 and P3 are no foliar application, foliar application 0.4 and 0.8 mM 
of putrescine. Means with similar letters in each column are not significantly different based on LSD test. 
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Table 6. Comparison of means of the effects of bio-fertilizers and putrescine on effective grain filling period of 

triticale under different irrigation levels 

P3 P2 P1  B4 B3 B2 B1 Treatments† 

32.97a 31.24b 30.31bc  33.36a 31.81b 31.11bc 29.76de Normal irrigation 

30.61bc 29.32cd 28.8ef  31.53b 29.88de 28.84ef 26.74gh 
No irrigation from 

heading stage 

28.65de 27.02f 26.41f  30.15cd 27.7fg 26.1hi 25.5i 
No irrigation from 

booting stage 

1.455  1.185 LSD5% 

Means with similar letters in each column are not significantly different LSD test at 5% probability level. 
†: B1, no application of bio-fertilizers; B2, application of vermicompost; B3, application of Mycorrhiza; B4, both 

application of vermicompost and Mycorrhiza; P1, no application of putrescine; P2 and P3, foliar application of 0.4 and 

0.8 mM putrescine, respectively.  
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Table 7. Analysis of variance of the effect of bio-fertilizers and putrescine on dry matter remobilization and 

grain yield of triticale under different irrigation levels 

Mean squares   

GY CCPGY CP CSRGY DMRS CRGY DMR df Source of variation† 

48446.3** 7294.5** 242687.9** 813.1** 25501.4** 1196.5** 37654.4** 2 Replication 

61274.9** 590** 127703.3** 468.4** 2981.4** 590** 3002.8** 2 Irrigation levels (I) 

37178.3** 382.7** 75931.9** 286.2** 1665.5** 382.7** 1940.5** 3 Bio fertilizers (B) 

23827.8** 215.7** 47455** 203.4** 1386.4** 215.7** 901.6** 2 Putrescine (P) 

5118** 76** 10849** 72** 376** 7.6* 146** 6 I×B 

38.3ns 0.75ns 130.9ns 0.89ns 6.3ns 0.75ns 2.6ns 4 I×P 

5605** 59** 9291** 43** 243** 59** 288** 6 B×P 

1861* 31** 9985** 31** 295** 31** 140** 12 I×B×P 

796 8.5 634.9 2.6 35.7 2.4 43.1 70 Error 

5.19 4.1 6.1 6.86 4.48 5.35 4.05 - CV (%) 
ns, * and **: Not-significant and significant at 5% and 1% probability levels, respectively. 
†: The trait abbreviations are including: DMR, dry matter remobilization; CRGY, contribution of remobilization in 

grain yield; DMRS, dry matter remobilization from stem; CSRGY, contribution of stem reserve in grain yield; CP, 

current photosynthesis; CCPGY, contribution of current photosynthesis in grain yield; GY, grain yield. 
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Table 8. Comparison of means of the effects of bio-fertilizers and putrescine on dry matter remobilization and 

grain yield of triticale under different irrigation levels 

GY (g.m-2) CCPGY (%) CP (g.m-2) CSRGY (%) DMRS (g.m-2) CRGY (%) DMR (g.m-2) Treatment† 
pqrs518.42 69.09klm 374.01nop 25.67ghi 139efg 30.9ghi 167.3gh 1×P1×B1I  
lmno539.31 71.84ij 408.41klm 23.361jkl 132.8ij 28.15jk 160.04jkl 1×P2×B1I  
ghij566.58 75.07fg 457.53ghi 21.15nop 128.94kl 24.92mn 151.92opq 1×P3×B1I  
bc610.78 77.86abc 511.71bcd 17.89stuv 117.64op 22.13qrs 145.5s 1×P4×B1I  

nopq529.21 70.63ijk 393.52lmn 23.96jk 133.5hi 29.36ijk 163.63hij 2×P1×B1I  
5efgh578.9 75.24efg 472.93fgh 19.78pqr 124.37mn 24.75mno 155.6no 2×P2×B1I  

cde597.25 77.2bcd 499.46de 18.2stu 117.8op 22.79pqr 147.44rs 2×P3×B1I  
ab619.49 78.91a 530.15ab 17.15uv 115.25pq 21.08s 141.65t 2×P4×B1I  

defg586.56 76.2cdef 485.96ef 19.04rst 121.44no 23.79nopq 151.74pq 3×P1×B1I  
abc612.88 77.84abc 516.83abcd 17.62tuv 117.02p 22.15qrs 147.06rs 3×P2×B1I  
ab620.11 78.31ab 524.21abc 17.45uv 116.8p 21.68rs 145.13st 3×P3×B1I  
a632.59 79.37a 544.02a 16.39v 112.38q 20.62s 141.4t 3×P4×B1I  

xyz466.28 63.52qr 310.69uvx 30.88abc 151.05ab 36.47bc 178.43ab 1×P1×B2I  
wxyz469.65 65.75op 331.46stuv 28.88de 145.6cd 34.24de 172.66cdef 1×P2×B2I  

qr512.73 68.45mn 367.05opq 25.5hi 136.74gh 31.54fg 169.12fg 1×P3×B2I  
ijkl555.94 73.71gh 438.81ij 21.69mno 129.18jkl 26.28lm 156.5lmn 1×P4×B2I  

uvwx483.14 64.5pq 319.88uvw 29.93bcd 148.45abc 35.49cd 176bc 2×P1×B2I  
7rst507.8 68.79lm 363.08opqr 26.87fgh 141.86def 31.2gh 164.72hi 2×P2×B2I  
mnop533.36 70.63ijk 395lmn 23.81jkl 133.17hi 29.36ijk 164.21hi 2×P3×B2I  
def589.2 76def 482.04efg 19.33qrs 122.6n 23.99nop 152.15opq 2×P4×B2I  
tuv492.43 66.79no 341.54rstu 27.05fg 138.36fg 33.2ef 169.8efg 3×P1×B2I  
jklm549.77 72.27hi 424.36jk 22.36lmn 131.33ijk 27.72kl 162.75ijk 3×P2×B2I  
hijk565.24 74.5fg 455.73hi 20.73opq 126.84lm 25.49mn 155.92n 3×P3×B2I  

bcd603.5 76.89bcde 500.21cde 18.15stu 118.11op 23.1opqr 150.33qr 3×P4×B2I  
z453.13 61.69s 293.22x 31.82a 151.26a 38.3a 182.08a 1×P1×B3I  
yz458.43 63.53qr 307.3vwx 30.62abc 148.13abc 36.46bc 176.35bc 1×P2×B3I  

vwxy477.81 65.02pq 325.53tuv 29.42cd 147.33bc 34.97cd 175.1bcd 1×P3×B3I  
opqr523.91 70.26jkl 385.68mno 25.78ghi 141.52ef 29.73hij 163.22ijk 1×P4×B3I  
yz460.73 62.14rs 298.41wx 31.39ab 150.74ab 37.85ab 181.8a 2×P1×B3I  
stu499.01 66.83no 346.76qrst 27.46ef 142.5de 33.16ef 172.05def 2×P2×B3I  
stu500.59 67.45mno 351.23pqrs 27.31f 142.23de 32.54efg 169.47efg 2×P3×B3I  
ijkl554.68 73.58gh 434.99ij 21.76mno 128.66kl 26.41lm 156.14mn 2×P4×B3I  

tuvw489.24 66.1op 337.21stu 28.97de 147.8abc 33.89de 172.91cde 3×P1×B3I  
pqrs515.03 68.78lm 368.24opq 24.66ij 132.03ijk 31.21gh 167.08gh 3×P2×B3I  
klmn545.36 72.27hi 416.55jkl 22.87klm 131.82ijk 27.72kl 159.77klm 3×P3×B3I  
fghi571.86 75.07fg 465.3fgh 20.41opqr 126.5lm 24.92mn 154.46nop 3×P4×B3I  

20.025  1.706  24.475  1.528  3.825  1.706  3.768  LSD  

Means with similar letters in each column are not significantly different LSD test at 5% probability level. 
†: I1, normal irrigation; I2 and I3, stopping irrigation from heading and booting stages, respectively; B1, no application 

of bio-fertilizers; B2, application of vermicompost; B3, application of Mycorrhiza; B4, both application of 

vermicompost and Mycorrhiza; P1, no application of putrescine; P2 and P3, foliar application of 0.4 and 0.8 mM 

putrescine, respectively; DMR, dry matter remobilization; CRGY, contribution of remobilization in grain yield; 

DMRS, dry matter remobilization from stem; CSRGY, contribution of stem reserve in grain yield; CP, current 

photosynthesis; CCPGY, contribution of current photosynthesis in grain yield; GY, grain yield. 
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Abstract 
To study the effect of biofertilizer and putrescine application on grain filling components and dry 

matter remobilization of triticale (Triticosecale Wittmack) in water limitation conditions, an 

experiment was conducted as factorial in randomized complete block design with three replications at 

the research farm of faculty of Agriculture and Natural Resources, University of Mohaghegh Ardabili, 

Ardabil, Iran, in 2020. The experimental treatments were included irrigation in three levels (full 

irrigation as control, irrigation withholding at 50% of heading and booting stages as moderate and 

severe water limitation, respectively), application of biofertilizers in four levels (no application as 

control, application of vermicompost, application of Mycorrhiza, both application vermicompost and 

Mycorrhiza), and application of putrescine (water sprying as control, and foliar application of 0.4 and 

0.8 mM putrescine). The results showed that co-application of vermicompost and mycorrhiza along 

with foliar application of 0.8 mM putrescine under full irrigation conditions decreased dry matter 

remobilization from stem (34.59%) and shoot (28.76%) and their contribution in grain yield (94.14 

and 85.74%, respectively) compared to no application of biofertilizers and putrescine under irrigation 

withholding conditions at booting stage. Furthermore, co-application of vermicompost and mycorrhiza 

along with foliar application of 0.8 mM putrescine under full irrigation conditions increased root 

weight (62.11%), root volume (63.17%), current photosynthesis (85.53%) as well as contribution of 

current photosynthesis in grain yield (28.65%), grain filling period (20.37%) and grain yield (39.6%) 

compared to no application of biofertilizers and putrescine under irrigation withholding conditions at 

booting stage. Based on the results of this experiment, it seems that the application of biofertilizers and 

foliar application of putrescine can increase the grain yield of triticale under water limitation 

conditions by improving current photosynthesis and grain filling components. 
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