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plant of Borage (Borago officinails L.) under water stress

Ali Rahimi, Sharokh Jahanbin?*, Amin Salehi® and Hooshang Farajee*
1, 2, 3. Former Ph.D. Student of Crop Physiology, Assistant Professor and Associate Professor, Faculty of Agriculture, Yasouj
University, Iran
(Received: Dec. 12, 2016 - Accepted: Jun. 24, 2017)

ABSTRACT

Drought is one of the factors that affect medicinal plants and on the other hand, the role of mycorrhizal fungi was
effective in improving the performance of some medicinal plants exposed to water stress. For this purpose, an
experiment was conducted split-plot in randomized complete block design in the Boyerahmad region in three
replications during years 2015 and 2016. The studied factors consisted of irrigation levels (primary factor) as
irrigation after W;= 30, W,= 60, W= 90, W,= 120 and Ws= 150 mm water evaporation from evaporation pan class A
and mycorrhiza fungi (sub-factor) at the levels of non application, application with Glomus mosseae species and
application with Glomus intraradices species. Results of analysis of variance showed that the interaction between
mycorrhizal fungi and water stress on grain yield, biological yield, 1000 grain weight, oil content and water use
efficiency was significant at the level of 1%. In the treatment W5,GM, the highest grain yield (276/5 kg/ha) and in the
treatment Wi50NG, the lowest value of grain yield (69 kg) were obtained. In the treatment W5,GM, the highest
biological yield (5389 kg/ha) and in the treatment Wy5,NG, the lowest value of biological yield (1517 kg/ha) were
obtained. In the treatment Wg,GM, the highest seed oil percentage (29.38%) and in the treatment W150NG, the lowest
value of seed oil percentage (14.97%) was obtained. In the treatment Wy,GM, the highest water use efficiency for
grain (0.02460 kg/m®) and in the treatment Wy,0NG, the lowest value of seed oil percent (0.01185 kg/m®) were
obtained. Results showed that under water stress conditions, the use of mycorrhizal fungi could be effective in
moderate water stress and increased grain yield, biological yield, grain weight, oil content and water use efficiency of
borage compared to the control plants.
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Table 1. The results of analysis of the soil before planting of Borage

Characteristic

Characteristic

Depth (cm) 0-30 Clay (%) 26
Electrical conductivity (ds/m) 0.4 Sand (%) 28
Acidity (pH) 7.9 Soil texture loam
Neutralized materials T.N.V (%) 47 Cu (ppm) 2
Organic carbon (%) 0.9 Mn (ppm) 14.4
Total nitrougen (%) /09 Fe (ppm) 13
P (ppm) 100 Zn (ppm) 2.7
K (ppm) 206

1. Soxhlet
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Table 2. Variance analysis of the impact of mycorrhizal fungi and water stress on the traits of borage

Mean Squares

Variation Source df Grain Biological Weight of Harvest  Grain Water use efficiency
) yield yield (kg/ha) 1000 seed  Index oil for grain
Year 1 2001™ 1249643.616"™ 57.600™ 0.003" 3.211™ 0.858 "
Year x replication 4 1533™  187157.585™  2.167™ 0.052"™ 195.922" 0.629 ™
Factor water stress 4 104.434™ 29679445705 124.872™ 0.088" 378.344" 2.665 "
Year x water stress 4 04417 22166.184 " 1.239™ 0.008™ 2.218™ 0.270"™
Error 16  1.986 174194.192 3.514 0.028 291.131 0.329
Factor mycorrhizae fungi 2 69.091" 5663154.430° 160.900” 0.321° 1.140"™ 4275™
Year xmycorrhizae fungi 2 0328™ 226818.165™  4.433™ 0.002"™ 1512™ 0.135™
Water stressx mycorrhizae fungi 8 5.4957 3940122507  10.456" 0.030” 84.541" 0.706"
Year xwater stressx mycorrhizae fungi 8 0.115™ 11878.405 ™ 0.156™ 0.002™ 1.706"™ 0.319™
Error 40 4953 649995.041 12.478 0.142  1038.751 0.671
Coefficient of Variation (%) 15.69 18.02 15.49 23.49 19.31

Alid 30,0 0 5 ) ol mglan )0 Is gime )0 cixe a8

ns, *, **: Non-significant, significantly differens 5% and 1% at probability levels, respectively.
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Table 3. Mean comparison of interaction of water stress and mycorrhizal fungi on characteristics of borage

Treatments of water stress  Grain yield Biological Weight of 1000 seed Harvest Grain Water use efficiency
+ mycorrhizae fungi (kg/ha) yield (kg/ha) (gr) index (%) oil (%) for grain (kg/m®)
W3N.G 27497 5291° 22.3372 5198°  21.51° 0.01396 ©
W 3,GM 276.5° 5389 2 22.67% 5.090 ¢ 21° 0.01403 ¢
W 3Gl 275° 5356 2 22172 5.085°¢  20.48° 0.01396 ¢
WeoN.G 203.3° 4301° 19°¢ 4588¢ 24.64% 0.02843°
W gGM 275.4% 49642 242 5.683°  22.35° 0.02142°
W oGl 275° 4812 21.67° 5.853° 24 0.02140°
WgoN.G 166.5°¢ 3386 ¢ 16¢ 4993¢  2938° 0.01589°
W 9GM 257.7% 4435° 222 5763°  28.33% 0.02460 ®
W oGl 249.3%2 4242° 20.83° 5.840° 27.33%® 0.02380 ®
W 10N.G 110¢ 2279 ¢ 15.17¢ 5.145°¢ 17.29¢ 0.01185¢
W 150GM 2335 3561 ¢ 21.33° 6.738%  19.85"™ 0.02515 ®
W 150Gl 231.8% 3487 ™ 19.83°¢ 6.548°  20.31° 0.02497 *®
W 150NG 69 ° 1517°¢ 12.67°¢ 48659  14.97¢ 0.02099°
W 15,GM 130.2¢ 24174 17.67¢ 5865°  17.63°¢ 0.01518 ¢
W 150Gl 127.74 2357 ¢ 16.67 ¢ 5905°  16.33° 0.01489 ©

u] O =W ‘C)ls \)ﬂ)Lf O9% =NG fﬂq/,:_;{/w,ﬁ)b‘:Gl f]My u..;j.a)lf =GM

W= Wiater stress; NG= non application of mycorrhizae fungi; Gl= G. intraradices, GM= G. mosseae.
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