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Table 3. Mean comparison of morphological parameters of chickpea affected by seaweed extract
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Seaweed extract Plan(tc ﬁf)lght Leaf number Root dlé)welght
(Volumetric percentage)
Control/sals 51.49 b 58.89¢c 3.047 b
1.5% 56.47 a 61.22 b 3.468 a
2.5% 57.59 a 66.33 a 3.592a
3.5% 57.92 a 64.78 a 3.443 a

(2,0 0 5SSIs) Wyl ol (5510 gime Dgls (gt ;o 50 aline By > b sla 1 Sl
The means with simillar letter in each column are not significantly different (Duncan 5%).
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Table 4. Mean comparison of morphological parameters of chickpea under water deficit stress
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The means with simillar letter in each column are not significantly different (Duncan 5%).
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Table 5. Comparison of morphological traits of chickpea affected by seaweed extract x water deficit stress interaction
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asLzControl/ 3.33°¢ 6« 1.633 32.27¢
1.5% 433" 70 22902 40.50 ®
2.5% 5332 8.33¢° 2460 41.80°
3.5% 4.33" 7.33%® 2.270*° 40.53 ®
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asLzControl/ 2¢f 4.66 ¢ 1.500 ® 34.03¢
1.5% 2.33 f 5.33¢% 1.830 37.63¢
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3.5% 2.33 % 5% 1.827 ™ 37.03°¢
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saLlzControl/ 166 3.66f 1.390 ¢ 30.50°°
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2.5% 2.66 ° 5 1.557 % 32.20 %
3.5% 2.33 % 4.66 ¢ 1.543 % 31.20°¢
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The means with simillar letter in each column are not significantly different (Duncan 5%).
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230 Sel> ojlas 75T con 3950 oLS 5l b (gl ol (5l Silis dummliio -V Jgax
Table 7. Mean comparison of physiological parameters of chickpea under seaweed extract

by Sl oyl AL jiawgid Auigiig)ls
(o> 903) (46 50 @250 00 58 Jgo 9,50) Jobo sLisd sl (¥ 0ig e 2 eSSl
Seaweed extract Net-photosynthesis Cell membrane stability Carotenoeid
(Volumetric percentage) (umol m2s™) (mg g”'(FW))
Control/sals 8.67¢c 0.396 b 0913c¢
1.5% 10.88 b 0414 a 1.081b
2.5% 11.55a 0.422 a 1134 a
3.5% 10.64 b 0412 a 1.050 b

(22,5 0 HS51s) Wyl waly (55ls gime Dol gt ;o 50 alive By > b slo 1 Sl
The means with simillar letter in each column are not significantly different (Duncan 5%).

& o8 G 5l o 995 oL S0 5909 58 (51 kol eSilhe dmnlio A Jgu
Table 8. Mean comparison of physiological parameters of chickpea under water deficit stress

A iiwgid Adgid 9,18
il o (46 3 @230 330 33 J30 9,50) Jobo slad 5lly (5 039 55 2 o5 ko)
Water deficit stress Net-photosynthesis Cell membrane stability Carotenoeid
(nmol m~*s™) (mg g'(FW))
(23 sl aop3 VO) (55 o9 13.07a 0.435a 1.149a
Non-stress ' ' '
(s adsb w00 00) edle 3 10.49 b 0.411b 1.022b
Moderate stress ' ' '
(s eyl 20p2 1) il s 774¢ 0.387 ¢ 1.090 b

Severe stress

()5 0 HS5Is) Wyl waly (55l0 gime Dol gt ;o 50 alive By > b slo . Sl
The means with simillar letter in each column are not significantly different (Duncan 5%).

il o5 G 3 Sy o)l ilizko ok Il ool 0956 S Selgt b Sl (Sl dunliio -4 Jour
Table 9. Comparison of physiological traits of chickpea under different levels of seaweed extract and water deficit stress

Sl 0jlac [l o R a Judg ks b Judg,ls 85 Jedgls
(20 )3) (i & (glgixo ) ~ ~ ; B ~ R ~ _
(o2 0,3) Relative water content > ©33F5 20 e5ske)  (FoigesS oSk (oS 50 e k)
Treatments/ Seaweed extract (%) Chl a Chl b TChl (a+b)
(Volumetric percentage) (mg g”'(FW)) (mg g”'(FW)) (mg g”'(FW))
(=) byl ao )3 VO) T oS 25 oye0d Non water deficit stress (75% field capacity)
Control/ssLs 0.706 ° 6.22 1.490°¢ 7.71 ¢
1.5% 0.825? 7.02° 1.710° 8.73"
2.5% 0.835? 7.762 1.817% 9.58 2
3.5% 0.8212 6.91° 1.713° 8.62 ™
(=) eyl aop3 04 w1 o5 i/ Moderate water deficit stress (50% field capacity)
Control/ssLs 0.657 ¢ 5.98 ¢ 1233 7.261
1.5% 0.691° 6.25 1.323 % 7.57 ¢
2.5% 0.707° 6.82 1.380¢ 8.20 b
3.5% 0.691° 6.69 ™ 1.333 % 8.02 ¢
(sly5 byl ao 0 YO) was ol o5 sl Severe water deficit stress (25% field capacity)
Control/ssls 0.611° 5.33° 1.190 6.52"
1.5% 0.633 % 5.45 ¢ 1.220 ¢ 6.67 9
2.5% 0.643 « 5.69 ¢ 1.335 % 6.95 9"
3.5% 0.631 * 5.29f 1.320 % 6.53"

(20,8 0 SS3l8) W5 I maly (5,10 e Dol (g o )0 alie By b sla 2 Sile
The means with simillar letter in each column are not significantly different (Duncan 5%).
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Introduction

Seaweed (Ascophyllum nodosum) extract can play an effective role in plant growth and development due
to having plenty of nutrients, plant growth regulators and helpful microorganisms can improve soil
physicochemical characteristics. Seaweed extract is rich in growth hormones such as auxin, cytokinin,
nutrients and widely used elements such as nitrogen, potassium, calcium, magnesium, trace elements such as
iron, zinc, copper, manganese and other valuable compounds such as mineral salts, vitamins and
Antioxidants have a positive and significant effect on morpho-physiological and functional characteristics of
plants. In this regard, several studies have reported that the use of seaweed extract as a foliar application can
increase the morphophysiological characteristics of crops. Water deficit stress is one of the most important
factors limiting plant yield, the use of remedial treatments to reduce the negative effects of stress is essential
and increases the strength and resistance of plants to abiotic stresses. The main purpose of this study was the
effect of foliar application of Ascophilum nodosum seaweed extract in reducing the negative effects of water
deficit stress on chickpea (Adel cultivar).

Materials and Methods

In order to evaluate the effects of seaweed extract on morpho-physiological indices of chickpea (Adel
cultivar) under water deficit stress, a factorial experiment based on completely randomized design was
conducted in natural environment and with three replications at the Khatam Alanbia University of Behbahan.
The experiment treatments consisted of four levels of seaweed extract (0, 1.5, 2.5 and 3.5%) and three levels
of water deficit stress: non-stress, moderate stress and severe stress (irrigation at 25, 50 and 75 of field

* Corresponding Author: ahmadpour@bkatu.ac.ir
Y\Y


http://dx.doi.org/10.22067/ijpr.v8i2.48451

Iranian Journal of Pulses Research
Vol. 12, No. 2, December 2021, p. 199-213 (Original Research Acrticle)

capacity, respectively). In this study, morphological and physiological traits such as plant height, number of
leaves per plant, number of lateral branches, number of pods per plant, shoot dry weight, root dry weight,
root length, photosynthetic pigments (chlorophyll a, chlorophyll b, carotenoids and Total chlorophyll), net
photosynthesis, cell membrane stability and relative water content were measured. At the end of the growth
period (about 50 days after planting), the aerial part was separated from the plant roots. In order to determine
the dry weight of shoots and roots, the samples were dried in an oven at 72 °C for 48 hours and then their
weight was determined with the AND scale model GT-300 made in Germany with an accuracy of 0.001 g.
Lichtenthaller and Wellburn (1983) method was used to measure chlorophyll and carotenoids. In order to
measure the amount of net-photosynthesis, a KR8700 gas exchange-measuring device made by Korea Tech
Company was used. Bian and Jiang, (2008) method was used to measure the relative water content of leaves.

Results and Discussion

The results on the simple effects of seaweed extract showed that all foliar application levels led to a
significant increase in plant height, leaf number, root dry weight, net-photosynthesis rate, cell membrane
stability and carotenoids content compared to the control. Seaweed extract of 2.5 and 3.5% levels led to a
significant increase in root dry weight, number of leaves per plant, plant height and cell membrane stability
compared to the control. Foliar application of 2.5% compared to other levels resulted in a significant increase
in net-photosynthesis and carotenoids. Evaluation of simple effects of water deficit stress showed that severe
stress (25% of field capacity) significantly reduced plant height, number of leaves, root dry weight, net
photosynthesis, cell membrane stability and carotenoids content compared to non-stress conditions (75% of
capacity) and moderate stress (50% of field capacity). The results of interaction of treatments showed that in
non-stress conditions, levels of 2.5 and 3.5% of algae extract significantly increased the number of lateral
branches, number of pods per plant, shoot dry weight, root length, relative water content, chlorophyll a, b
and total chlorophyll content compared to the control. Under moderate stress conditions, application of 2.5%
of seaweed extract significantly increased the number of lateral branches (+33%), number of pods per plant
(+22%), shoot dry weight (+19%), root length (+12 %), Relative water content (+7%), chlorophyll a (+12%),
chlorophyll b (+10.5%) and total chlorophyll (+11%) were compared with the control. Under severe stress
conditions, 2.5% foliar application was able to increase the number of lateral branches (+30%), number of
pods per plant (+27%), relative water content (+6%) and chlorophyll b content (+10%) in compare with
control.

Conclusion

According to the results of this study, the use of Ascophilum nodosum seaweed extract in all studied
levels is recommended for chickpea in non-stress conditions, but in moderate and severe stress levels, 2.5%
is recommended to improve the morpho-physiological characteristics of chickpea.
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