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2- Model PFP7, Germany

3- Model GBC avanta, Australia
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Table 1- Analysis of variance of the effect of the alkalinity and variety on growth characteristics of safflower

i @be &3l aap Blw Job ady, Job Bl Suis 5 Al y S 439
S.0.V df Shoot Length  Root Length ~ Shoot Dry weight  Root Dry weight
Coflis 6 126.107* 193.456* 3.842% 0.392%

Alkalinity :

) 1 130.38% 30.005™ 2.433° 0.205°

Variety
‘-"‘ﬂ‘b X rvé) ns ns ns ns
. » 6 6.596™ 5.686™ 0.363™ 0.007™

Variety X Alkalinity
ks 28 10.55 8.224 0.593 0.033
Error
6.2 11.2 19.7 22.7
C.V (%)
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“*, * Significant at 1% and 5% probability level, ™ no significant difference
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Table 2- Mean comparison of the effects of alkalinity and variety on growth characteristics of safflower

Culls alw Job adyy Job ABlw Sis (439 Al ) SWS (439
Alkalinity (mM) Shoot Length (cm) Root Length (cm) Shoot Dry weight (g) Root Dry weight (g)
0 59.5a 3520a 4.83a 1.2a
10 55.45b 29.29b 4.54a 0.99 ab
20 52.75bc 27.87bc 4.31 ab 0.93 be
30 52.79bc¢ 25.16¢cd 4.23 abe 0.74 cd
40 50.25cd 22.91de 3.54 be 0.72 cd
50 47.20d 19.37f 3.38cd 0.65d
60 46.45d 19.58ef 2.53d 041e
Variety 3,
411 53.82a 26.47a 4.15a 0.87a
we 50.29b 24782 3.67b 0.73b
Sofeh
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Means in each column followed by the samer letter(s) are not significantly different at %5 probability level, using LSD test
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Table 3- Analysis of variance of the effect of the alkalinity and variety on the physiological characteristics of

safflower
JREPTS shies  po JS il jung S AR PR
S.0.V df Total Carbohydrates Proline  Malonialdehyde
CoflB 6 0.052** 2.4 3.628" 0.259% 0.017*
Alkalinity
"’3.’ 1 0.003™ 0.025™ 0.0007"* 0.001™ 0.014™
Variety
Q.‘;L‘flé x P'B) ns ns ns ns ns
) = 6 0.001" 0.025™ 0.388™ 0.012™ 0.0004™
Variety X Alkalinity
e 28 0.003 0.028 13.958 0.006 0.004
Error
N ahacat 9.5 13.0 14.1 14.9 10.8
C.V(%)
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**, * Significant at 1% and 5% probability level, ™ no significant difference
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Table 4- Mean comparison of the effects of alkalinity and variety on physiological characteristics of safflower

Sl PR - JS gy oo KUV PR [8
Alkalinity (mM) = (Total carbohydrates mg.gFW"')  (mg.gFW')Proline Malonialdehyde (Mm cm™)
0 0.78a  2.3%a 4.09d 0.28¢ 0.51d
10 0.67b 1.81b 4.42cd 0.39d 0.54cd
20 0/66b 1.51c 4.48cd 0.39d 0.56bcd
30 0.63bc  1.02d 4.72cd 0.49¢ 0.58bcd
40 0.57cd  0.98de 5.22bc 0.68b 0.60abc
50 0.55de 0.81ef 5.67ab 0.64b 0.62ab
60 049e 0.637f 6.28a 0.88a 0.67a
Variety 3,
411 0.63a 1.32a 4.99a 0.54a 0.60a
e 0.61a 1.27a 4.98a 0.53a 0.57a
Sofeh
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probability level, using LSD test Means in each column followed by the samer letter(s) are not significantly different at %5
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Table 5- Analysis of variance of the effect of the alkalinity and variety on photosynthetic pigments of safflower

e e @il 42 adéy)ls b ks ks ath i)l A5,
S.0.V df Chlorophyll a Chlorophyll b Chlorophyll a+b Cartonoied
<ol 6 0.045" 0.1188™ 0.286™ 0.020*

Alkalinity
) 1 0.075* 0.0012" 0.09° 0.004™
Variety
‘-"-‘5u3 X r°§) ns ns ns ns
. . 6 0.008™ 0.0007™ 0.012" 0.0001™
Variety % Alkalinity
ks 28 0.008 0.008 0.016 0.001
Error
e 14.8 14.2 10.1 18.2
CV

S s caglis pae ™ o sme doyd g g duoyd Sy Jlosn] plaws y3 5
**, * Significant at 1% and 5% probability level, ™ no significant difference
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Table 6- Mean comparison of the effects of alkalinity and variety on photosynthetic pigments of safflower

RARE adudy Ji5 by s ath Judg i Mgy, 5
Alkalinity (mnM) _ Chlorophyll a (mg.g") Chlorophyll b (ng.g")  Chlorophyll a+b (mg.g") Cartonoied (mg.g™)
0 0.72a 0.92a 1.65a 0.14d
10 0.69a 0.75b 1.44b 0.16 cd
20 0.68a 0.64 be 1.33 be 0.19 cd
30 0.66 ab 0.61 cd 1.27 cd 0.19¢
40 0.57 be 0.56 cd 1.13 de 0.24b
50 0.53¢ 0.55cd 1.09¢ 0.26 ab
60 0.50 ¢ 0.52d 1.03e 0.30a
Variety 3,

411 0.66 a 0.66 a 1.32a 0.22a
we 0.58b 0.65a 123b 0.20a
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Means in each column followed by the same letter(s) are not significantly different at %5 probability level, using LSD test
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Table 7- Analysis of variance of the effect of the alkalinity and variety on the ion content of safflower

e pale &35l a3 SR Uiy iy (o3 s Casansd
S.0.V d.f Na K Na/K
<kl 6 10.32% 791% 2.805%

Alkalinity

i 1 1.33™ 2.028™ 0.002™
Variety
(CLBX S, 6 0.28™ 0.90" 0.178™
Variety x Alkalinity
e 28 0.639 0.498 2.947
Error
()l ey 123 142 21.8
CcvV
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**, * Significant at 1% and 5% probability level, ™ no significant difference
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Table 8- Mean comparison of the effects of alkalinity and variety on the ion content of safflower

Coils o oty iy 4 (o) s S
Alkalinity (mM) Na (%) K (%) Na/k
0 4.70d 6a 24 0.776¢
10 553cd 6.00 ab 0.904 de
20 570 be 5.ab 51 1.06 de
30 632b 5bc 19 1.27d
40 762a 461 ¢ 1.66¢
50 760a 373d 2.08b
60 8.14a 3.17d 2.64a
Variety 3,
411 667a 514a 1.49a
o 331a 470a 1.482a
Sofeh
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Means in each column followed by the same letter(s) are not significantly different at %35 probability level, using LSD test
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Introduction

Safflower (Carthamus tinctorius L.) is an important oilseed crop grown throughout the semiarid regions in
many parts of the world. It has been cultivated for its oil and flowers and as a meal. Alkaline stress is caused by
alkaline salts such as Na,CO; or NaHCO; in the soil. Alkaline stress, is widespread environmental constraint
affecting crop productivity ,which can inhibit absorption of inorganic anions such as CI°, NO; and H,PO*,
greatly affect the selective absorption of K'-Na', and break the ionic balance. However, under alkali stress,
accumulation of compatible solutes, such as betaine, proline and soluble sugar into the vacuole are considered as
the basic strategies for plant re-established cellular homeostasis. Some reports have clearly demonstrated that
alkaline salts (NaHCO; and Na,CO;) are more destructive to plants than neutral salts (NaCl and Na,SO,).
Moreover, the salt-alkali stress can directly damage plant growth, alter the availability of nutrients and disrupt
the balance of ions and mineral nutrition. The objective of this study was to investigate the effects of alkaline
stress on growth and some physiological characteristics of safflower.

Materials and Methods

This study was conducted in a greenhouse in Vali-e-Asr University of Rafsanjan as factorial arrangement in
completely randomized design with three replications. Experimental factors included alkaline stress in 7 levels
(0, 10, 20, 30, 40, 50 and 60 mM) and two varieties of safflower (Sofeh and 411). Seeds were planted in pots
filled with perlite and cocopite (1:1). The pots were irrigated with a nutrient solution with half strength
Hoagland's solution. After the fourth true leaves appeared, alkaline stress in the pot was created by adding
NaHCO:;, to half strength Hoagland’s solution. Control plants were only irrigated with half strength Hoagland’s
solution. Plants were harvested after 40 days of seed sowing. After forty days, shoot and root height, shoot and
root dry weight, F,/F,, PIL, proline, total carbohydrate, malondialdehyde content cha, chb, total chlorophyll,
cartonoied content, potassium, sodium content and sodium to potassium rate were measured.

Results and Discussion

Result showed that with increasing alkaline stress, decreased shoot and root height, shoot and root dry
weight. A similar result had observed previously in sugar beet. Researches have indicated that plants respond to
elevated NaHCO; concentrations in soil or in growing medium solution with decreased shoot and root growth.
This could be due to either HCO5 ™ or Na™. Many of the data test showed high pH as a key factor in limiting plant
growth and development under alkaline conditions. 411 variety showed superiority compared to Sofeh cultivar in
mentioned characteristics. Also, F,/F,, and Pl decreased under alkaline stress condition, whereas proline, total
carbohydrate and malondialdehyde content increased. Also, the increases in proline and total carbohydrate
content were reported in wheat under alkaline stress condition. Baghre and Roosta (2012) reported that F,/Fy,
values and PI reduced under alkalinity stress.

In the present experiment, alkaline stress decreased cha, chb and total chlorophyll whereas it increased
cartonoied content. Yang ef al., (2009a) concluded that in alkalinity stress, the contents of Chl and Car in the
barley plants decreased sharply with increased stress in comparison to salinity stress. They also stated that high
pH might decrease contents of photosynthetic pigments. Potassium content decreased under alkaline stress
condition whereas sodium and sodium to potassium rate increased. Also, Zhang and Chun-Sheng (2009)
reported that with increasing alkaline stress, potassium content decreased in Lathyrus quinquenervius whereas,
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sodium content and sodium to potassium rate increase. In wheat stems, a decrease in potassium content and
potassium to sodium rate and an increase in sodium content were also observed. A high-pH environment
surrounding the roots can cause metal ions and phosphorus to precipitate, with loss of normal physiological
functions of roots and destruction of root cell structure.

Conclusions
Result showed that alkaline stress decreased shoot and root height, shoot and root dry weight, whereas
proline, total carbohydrate and malondialdehyde content increased. Also, with increasing alkaline stress F,/F,,
PI cha, chb, total chlorophyll and potassium content decreased whereas cartonoied content, sodium and sodium
to potassium rate increased. 411 variety showed superiority compared to Sofeh cultivar in growth characteristics,
cha, total chlorophyll. Also, both cultivars showed same reaction under alkaline stress.
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