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Effect of putrescine and sodium chloride on morphological and physiological
characteristics of wild ‘Konar’ (Ziziphus spina-christi L.)
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ABSTRACT

In this research, effect of different levels of salinity and application of different concentration of putrescine were
investigated for decreasing harmful effects of salt on morphological and physiological characteristics of wild ‘Konar’.
A factorial experiment was arranged in a Compelet Randomized Design (CRD) with 4 replications. Treatments were
4 levels of 0, 3.2, 6.4 and 12.8 g/l sodium chloride and 3 levels of 0, 0.01 and 0.1 mM putrescine. The results showed
that with increasing salinity, all growth indices such as leaf number, stem length leaf and root fresh and dry weight
reduced and spraying application of putrescine especially with 0.1 mM concentration ameliorated seedlings growth in
salt condition. Salt stress increased Na* and CI” uptake and declined K* uptake. Foliar Putrescine application reduced
and increased Na* and K* uptake, respectively. Salinity also reduced the amount of chlorophyll and starch, but the
amount of proline and soluble sugars were increased. Applied putrescine reduced the damaging effect of salt on
chlorophyll degradation and also increased the amount of proline, sugar and starch.

Keywords: Chlorophyll, proline, salt stress, soluble sugars, starch.
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Table 1. Effects of NaCl and putresine on the average of leaf number, stem and root length (cm) in wild Konar
(Ziziphus spina-christi L.)

Putresine (mM)

Na CI (mg/l) 0 0.01 0.1 Mean
Leaf number
0 124.3%c 162.0b 168.0a 157.4A
3.2 70.6ef 80.6e 100.3d 83.8B
6.4 40.0h 50.69 66.0fg 52.2C
12.8 10.0j 18.6ij 24.6hi 17.7D
Mean 61.4C 80.0B 94.4A
Stem lenght
0 67.6bc’ 74.6b 99.3a 80.5A
32 53.6¢def 62.3bcde bcd? ¥/ ¥ 60.1B
6.4 47.6efg 50.5def 52.3cdef 50.0C
12.8 33.0g 42.0fg 44.6fg 39.8D
Mean 50.5C 57.2B 65.2A
Root lenght
0 14.6¢" 19.3b 25.3a 19.7A
3.2 10.0def 11.3cde 13.0cd 11.4B
6.4 5.6gh 6.6fgh 8.6efg 70C
12.8 3.6h 4.3h 4.6h 42D
Mean 8.5C 10.4B 12.9A
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+ In each subject, Means with the same letter (small letters for interactions and capital letters for main effects) are not significantly different at P< 0.05,

using Tukey’s test.
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Table 2. Effects of NaCl and putresine on the average rate of leaf and root fresh &dry weight (g) in wild Konar
(Ziziphus spina-christi L.)

Putresine (mM)

NaCl (mg/l) 0 001 01 Mean
Leaf fresh weight
0 4.6bc’ 6.3ab 7.7a 6.2A
3.2 2.6¢cde 3.2cde 3.8cd 3.2B
6.4 1.5e 1.7de 2.2de 1.8C
12.8 1.1le 1.1le 1.3e 1.2D
Mean 2.4B 3.1AB 3.7A
Leaf dry weight
0 2.4bc’ 3.1ab 4.6a 3.37A
3.2 1.7bcd 1.9bcd 2.1bcd 1.93B
6.4 1.0cd 1.2cd 1.3cd 1.20BC
12.8 0.6d 0.7cd 0.9cd 0.76C
Mean 1.4B 1.7AB 2.2A
Root fresh weight
0 6.6bc’ 8.5b 10.0a 8.3A
3.2 4.0dc 4.9cd 7.2bc 5.4B
6.4 2.2¢ef 3.2def 3.6def 3.0C
12.8 1.1f 1.5f 1.8ef 15D
Mean 3.5C 4.5B 5.6A
Root dry weight
0 4.6ab" 5.2a 6.0a 5.2A
3.2 2.4bcde 2.8bcd 4.0abc 3.0B
6.4 1.1de 1.5de 2.0cde 1.5C
12.8 0.5e 0.63de 0.86de 0.66C
Mean 2.1B 2.5AB 3.2A
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T In each subject, Means with the same letter (small letters for interactions and capital letters for main effects) are not significantly different at P< 0.05,

using Tukey’s test.
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Table 3. Effects of NaCl and putresine on the average rate of leaf and root Na*(g) in wild Konar
(Ziziphus spina-christi L.)

Putresine (mM)

NaCl (mg/l) 0 001 01 Mean
Leaf Na*
0 14.0fg" 13.6fg 10.3h 12.3D
3.2 17.0de 16.0ef 14.0fg 15.6C
6.4 19.0cd 18.6cde 18.0cde 18.5B
12.8 26.6a 23.3b 20.6bc 23.5A
Mean 18.9A 17.9B 15.7C
Root Na*
0 26.69" 23.6h 22.3h 24.2C
3.2 30.3ef 28.6fg 27.3g 28.7BC
6.4 35.6¢d 34.3cd 33.0de 34.3B
12.8 39.6a 37.3b 36.6bc 37.8A
Mean 33.1A 31.0B 29.8C
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+ In each subject, Means with the same letter (small letters for interactions and capital letters for main effects are not significantly different at P< 0.05,

using Tukey’s test.
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Table 3. Effects of NaCl and putresine on the average rate of leaf and root K* (g) in wild Konar
(Ziziphus spina-christi L.)

Putresine (mM)

NaCl (mg/l) ) 001 01 Mean
Leaf K*

0 28.6bc’ 30.3ab 33.0a 30.6A
3.2 24.6def 25.3de 27.0cd 25.6B
6.4 21.3gh 22.3fgh 23.0efg 22.2C
12.8 16.0j 18.3ij 20.0hi 18.0D

Mean 22.6B 24.0A 25.7A
Root K*

0 18.6ab’ 21.0a 21.3a 20.3A
3.2 17.0bc 17.0bc 17.6bc 17.2B
6.4 16.0bcd 16.0bcd 16.3bcd 16.1B
12.8 14.0d 15.0cd 15.0cd 14.6C

Mean 16.4B 17.2AB 17.85A

gl )3 S o9l il (ol sl il sl S5 sl g b iiSen n sl oS o >) S ie glacd o Slls oKl Jole o o

RELIW R NS PN W WA Y [Pe£4

T In each subject, Means with the same letter (small letters for interactions and capital letters for main effects) are not significantly different at P< 0.05,

using Tukey’s test.
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Table 3. Effects of NaCl and putresine on the average rate of leaf and root CI” (%) in wild Konar
(Ziziphus spina-christi L.)

Putresine (mM)

NaCl (mg/l) 0 0.01 01 Mean
Leaf Cl

0 3.2cd” 3.0d 2.8d 3.0C
3.2 4.7abcd 4.3abcd 4.1bcd 4.4B
6.4 7.0ab 6.7ab 5.9abc 6.5A
12.8 7.2a 6.8ab 6.2ab 6.7A
Mean 5.5A 5.2B 4.C

Root CI"

0 5.9def’ 5.1ef 4.3f 5.1C
3.2 8.2bcd 7.5cde 7.0cdef 7.5B
6.4 9.1bc 8.9bcd 8.5bcd 8.8B
12.8 14.0a 10.9b 9.8bc 11.6A
Mean 9.3A 8.1AB 7.4B
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+ In each subject, means with the same letter (small letters for interactions and capital letters for main effects are not significantly different at P< 0.05,

using Tukey’s test.
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Figure 1. Interaction of NaCl and putrescine on the rate of sugar and starch in the leaves of wild Konar
(Ziziphus spina-christi L.)

In each subject, means with the same letter (s) are not significantly different at P<0.05, using Tukey’s test.

(¥ JS8) <8l 20lS 55 oliee ol 559
5 695w il b aS el sns asls oles
Gl Sp duie Gl (sl Jouily a8
g Syl o B crge (6)9h S s
O (Jre eizmes g Cadlg)lS Bilail g el o
baze )3 IS o Gl (Rl e & Gg ool
loale (p) &5 @i jeie @iz B L g 4y
Frederic ) sgs g0 ai o <3l i (i0lS 9o
(etal., 2010; Sohail et al., 2009
ColilB 6,005 ol Log il o K* ol ke
R dgy <luyg
olS o a5 wels las eadplxl lo o

e s kil o

Olies I 2 e g (69 G5 o Al
k] L] B WSS S P TP KOV SR { L JRCIES WP
et g LSy LIl g Ao cu s el 4

(Marschner, 1995) 55 oo bgs yo ol g IS

el sy 5 Sl ol gy cnl @l

slalis wis,S Ly (2005) Parida & Das
oS ESle )3 6)eh a4 b e il
i it ey s plalS 5l sl
(Mg ST ST cslaalis slaasls a3lasl i34l
Sl 538, o Sl g slas pad el
RSP N

g Wi Ol 3 ewig 3 prowaryls ST

Syodon
5 Otsn el 2 Geeis 5 maed S (S
Odsn Ol priwsn 57 Gl Lol plas an s
s dpe Ol g GRIP ol sba
oo N L sl 28l ol (glo s
S calie gl ;o LaolEl Ky, Jad> b s g
OtV JS8) wb o ey Rl e
IV (Sl dslre b g S (g Lanee 13 e e
Ol b oS el Cews 4 gy S o Yge s



VWAD oylias) oF 55l FY 5,58 el Ll psle

g Syl w3l Cullad (g9, (loaiiS s
Sl (659 Sralidl b ol (slgizme o5 lSin 5 by o0
9 Oedsp ke bl lawgs (Seisen] pelas il o
Odan lyme g oael Caws @y 8l o el o
O Gl 2 g3l e Gl ST (5590 Sl
@ Sl o Sdgand SO Glyieas S g p Lol
cow GllS o sallsT sy ade gl basl

.(Sohail etal., 2009) &S o oS (5,50 yiiS

45

FYA

S HlalS Lol Jslore 5 0ads 4ty s (e ralS
Y g ) glecdile L ogyed i coo
S oo Sgrte |y 4 (e o Y g0 e
slosd S A Gl 1l 48T ey o Sl 4
Mg IS Bl i g B o 4 (5508
POl eSS g b g e Sl Sl (6,55l

Ui SV PO B SR

40

35

N N
o w

mg/g fresh weight
=
w

10

0 3.2 6.4 128 0 3.2

NacCl mg/I
0.0 mM putrescine

6.4

NaCl mg/!
0.01 mM putrescine

H Chlorophyll

M Proline

12.8 0 3.2 6.4 128

NaCl mg/I
0.1 mM putrescine

23 S S 50 oy g Ab e (Yl e s g iy S iSen Y SS

i I gre doy0 B Jleisl s j0 (Se8 el Hhail S e glald > slls slo ) Sl Jule ya o
Figure 2. Interaction of NaCl and putrescine on the rate of chlorophyll and proline in the leaves of wild Konar
(Ziziphus spina-christi L.)

In each subject, means with the same letter (s) are not significantly different at P<0.05, using Tukey’s test.
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