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1. Leaf porometer
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Table 1. Analysis of variance (mean squares) of morphological and physiological traits measured in the experiment.

x Skl Jss Sobsys bl
[0\ Lt Jelss Organic Irrigation Sk St e
Error = compounds intervals Block S.0.V
Stress x Treatment (0C) (I1)
22 6 3 2 2 df sl3T a5
26.98 0.96 22.3" 154" 381.1™ 0.11" e Jsb
Root length
33.98 18.81 246.45™ 3336.82" 6478.31" 7.540" Height CUJ)\
b axls sl
3477 0.63 0.67™ 15.95™ 20.527 0.02% SF
Branch number
o Sl
31.40 0.41 1.88" 73.44™ 956.64" 0.34"s T S
Internode length
* sk . eJ.<.'vL:A J\.L«J
3.07 0.17 0.60 1.40 0.19m 0.02"s
Internode number
3k ok < ‘L;LW JJ‘—;
27.98 0.34 0.86" 1.99 146.18 0.06"
Stem diameter
Hok Hok * °L.’.§ ‘—""‘t‘:. UJ}
31.28 4.83 6.24" 1131.01 300.26 32.84
Shoot dry weight
38.20 465.5 1378.9" 10353.4™ 24304.7" 54.25m Shoot fresh weight oLS o3 035
71.37 20.73 1212.62" 968.68"" 46905.3" 50.64" Leaf area 5,3 C)"“
S o Ol Gy
48.96 1.42 51.59" 353.65™ 19934.1*" 0.82m AT e S
Leaf relative water content
Sy S clis
9.35 18.21 95.54" 239.3* 402.4™ 2.469" i jfg
Electrolyte leakage
48.99 0.203 117 4.88" 14.09*" 0.14m a ‘}“J}Jls
Chlorophyll a
49.61 0.52 1.80" 29.58" 699.25™ 1.58" Proline Q_JJj,,
o |l s
2931 042 4417 23.13" 36.75" 1.00m Ole-Slil o b
Antioxidant
b Ls
63.08 0.05 0.81™ 1.83" 8.68"™ 0.0007"s ‘):jjjls
Chlorophyll b
52.52 0.06 0.56™ 2.09™ 8.66™ 0.07"s Carotenoid As 43,8
25.97 0.02 0.0017 0.006" 3.470™ 0.004" Leaf phenol S . i3
24.31 0.01 0.03"s 0.58" 1.43™ 0.01"s Soluble sugar J gl>o L3
é. . 'L.:/
31.20 10.33 3.75m 93.29" 2140.52*" 43.19" u&dﬂ “
SPAD index
559, Colda
32.10 0.95 4.28" 1921 127.36™ 0.02" S =

Stomatal conductance
O la sms pde S (ho ;s O Jlaz=! c]a.« 03 Gl eae ¥ Lo s ) Jlaxl c]a.« 03 0551 )ls ome ekt
**Significant at 1% level of probability, * Significant at 5% level of probability, ns: Non-significant
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Table 2. Mean comparisons of the interaction effect of fertilizer treatments and irrigation intervals on root length, height, leaf area, internode number,
shoot fresh weight and internode length.

L\:I S . . =z Z. . Lf 30 ) Z.
oo JTels s “pds i) Sadee oSl RO LG
Irrigation ¢ = . Shoot fresh
intervals Organic compounds Root length Height Le%f area Internode weight Internode

(day) (cm) (cm) (cm?*/plant) number (e/plant) length (mm)
dals
2141 81.33¢ 127.61° 19.00¢ 124.66%f 28.65¢
Control
P PR
25 23.83° 92.30¢ 127.40° 19.00¢ 201.66° 35.33°
Fulvic acid (200 mg/1)
3 ael sl b b d
T 29.30* 106.33 186.02* 19.33% 154.33¢ 33.02¢
Amino acid (6 1/ha)
S ) il ¢ aal dd
Fulvic acid (200 mg/l) x 22.01°¢ 114.46* 136.82° 19.00¢ 249.33% 37.09*
Amino acid (6 /ha)
Jals
19.75% 63.32f 44.97¢ 19.00¢ 103.66" 22.77¢
Control
P PR
5158 4 22.08¢ 84.534 74.07¢ 19.33% 152.33%¢ 26.24°
Fulvic acid (200 mg/1)
5 ael sl ¢ def c
T 22.57b¢ 70.96° 53.93 19.00¢ 131.66 25.08
Amino acid (6 1/ha)
S bl x el
Fulvic acid (200 mg/l) x 19.64¢ 115.50* 83.10¢ 20.00° 176.33% 28.76¢
Amino acid (6 I/ha)
Jals ¢ ) N "
14.36 32.67 14.99 18.66° 68.66 12.77
Control
P PR . .
sl 4 15.19 54.29¢ 24,69 19.33% 117.33¢k 16.24!
Fulvic acid (200 mg/l)
7 fal sl ) .
el 10.37" 40.31" 17.98Y 18.66° 85.21" 15.08
Amino acid (6 1/ha)
S ol x il
12.58¢ 84.854 27.70 20.33 ¢ 99.10f" 18.76"

Fulvic acid (200 mg/1) x
Amino acid (6 1/ha)

A s pme sl KuG L s s 0 C]aMJALSD RIS ol s S e O G s Pl O s s S o, Sike
The means with at least one common letter in a column are not significantly different (LSD, P < 0.05).

2ol il s 5 Solsh el e Ll 3 5 (Y4)
e ol Al aiel Aol G pze Lol 1 53 (50) Ol
DMie 5gy s 4 a1l s olel s Ll L
2o Aolss S, pde sles 4 Cedb sa f3y 1S
53 S b Jds IS e Jilde 53 il 2alS ookl s
Ly aslie 3 el dal 5 SO sl oS 55 )1 e
- = sba okl s a5 JTols 55,08 pde oled
O olol o3 sab Lbs IS Sldie Jilpsl .l Rl gl

:ﬁv\_.a): \T’/\)'))Q_L&L;)L_ﬁ])_}b)b)u)z\c\/j_})

5 ool eSS el a5 LS i e s
oS 55 oo LS 5 5 e Bl ol 5 bkl ool
o3 Gk olws oIl Graen (TA) 358 o0 e |
Ld (el oS 5 Lo s sla 5 gl e U
3 dablons (05, JUE! Joged s poler Ozl
Rl 5l s G SN sl o s Ll b
Sl 25 Ll 53 olS 3 S a5 1S (Ll 5
SRp S oS il s ne 6 sk sl 53 . (YA)
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Table 3. Mean comparisons of the interaction effect of organic compounds and irrigation intervals on carotenoids (Car), chlorophyll a and b (Chl a
and b), leaf relative water content (RWC), stomatal conductance (SC), proline (P), electrolyte leakage (EL) and antioxidant capacity (Anti).

Gl s JT oS 5 L8 s S s S (e Colds RRIp" S b b
Irrigation Organic compounds Car a b : 153 P (pm/g 3y =S -
intervals (mg/g  Chla  Chlb & e pwy <
(day) FW) (mg/g (mg/g o 8C < Ry
FW) FW) ) (mmol CO»/ )
S, m?/s) EL (%) Anti (%)
RWC
(%)
Jali
0.97% 3.00¢ 1.33¢ 90.28¢ 13.27° 7.00¢ 93.71% 6.66%
Control
S gb el
Seshsh o 0.74¢ 5.66" 3.64° 93.82° 15.59* 5.00" 74.85¢ 6.66%
Fulvic acid (200 mg/1)
3 ael ol B a B N c
T 1.03% 2.42¢¢ 1.73¢ 100.0° 9.30 4.66 98.80° 5.33
Amino acid (6 I/ha)
S ) il ¢ aral dd
Fulvic acid (200 mg/l) x 0.69¢ 3.28° 2.65° 100.0° 11.67% 5.00" 86.41° 5.33f
Amino acid (6 1/ha)
Jals
2.50° 2.72b¢ 1.06% 76.87¢ 12.19% 16.66¢ 95.46" 10.00°
Control
P PR
A5 2.19% 3.09% 1.41 88.49¢ 12.03% 14.00¢ 87.05% 7.66%
Fulvic acid (200 mg/1)
5 .
|l
BES 0.99% 2.04%f 1.34¢ 99.45° 9.08¢ 12.33f 100.00° 7.33%
Amino acid (6 1/ha)
S ol x el
Fulvic acid (200 mg/l) x 1.28¢ 2.66%¢ 1.56¢ 100.0* 11.51¢ 11.66 83.99¢ 6.00°
Amino acid (6 I/ha)
Jals .
3.32¢ 1.52% 0.36¢ 19.21¢ 6.62¢ 23.66° 100.00° 13.00°
Control
P PR . .
A5 3.01* 1.89¢ 0.71°% 22.12f 6.57¢ 21.00° 99.65° 8.33¢
Fulvic acid (200 mg/l)
7 o] o]
RS 1.79¢ 0.84¢ 0.64% 25.10¢ 5.59¢ 19.33¢ 100.00° 10.00°
Amino acid (6 1/ha)
S ol x il
Fulvic acid (200 mg/l) x 2.10% 1.46% 0.86° 26.14¢ 6.40° 18.66° 99.01* 6.66%
Amino acid (6 I/ha)

L (gl e D5l S, b Ao s2 O e 53 LSD KPS W PR TENENE SCR PR SR IS JCV P S PO o W
The means with at least one common letter in a column are not significantly different (LSD, P < 0.05).

IS0 cslloS dal 1 55 ol s 55155 55 (Y9)
53 (V) 2505 5L o sdiS Chible fole G 4 b5 1S
ol 35S o ol 53 S Al Al 318
LS 3 5 5S esle i eale cpl a8 5l 345 Jlaz>
ol 03,5 (658 5 oS 5o J5 1S o 5 Sl 5 enls Sl
Sy ol el L (e g DS 5 0V)

Yo

35 i e b SeS (5 ILL L Jp)
A5 il s, IS T s sl s
s IS St sl S a5 sl sLadISesl,
53 s S e 2alS BV Sl 58 LS 5 LSS,
Ssoe SRalS (Ao 5O Yo $Y XP) ol (TS Ll
(Solanum melongena) Ol=asly 5 (F\) OLS olS ;5 |y IS
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Table 4. effect of organic compounds on SPAD index, soluble sugar, shoot dry weight, branch number and stem diameter.

Sl ols s PE WY h ol WS e 05 J o 13 SN s L
Organic compounds Stem diameter =~ Branch number  Shoot dry weight Soluble sugar SPAD index
(2 (mg/g FW)
Aals ‘
10.11¢ 3.33¢ 23.15¢ 1.80° 33.64°
Control
Sy ge el
955 4 10.93% 5.33% 34.86° 1.732 40.492
Fulvic acid (200 mg/1)
el Aol
T 10.42% 4.88" 31.99¢ 1.23¢ 37.16°
Amino acid (6 1/ha)
S ) gl X il Al
11.142 6.552 50.08* 1.53° 40.30

Fulvic acid (200 mg/1) x
Amino acid (6 1/ha)

L (gl e D5l S, b Ao s2 O e )3 LSD O30 ol s S zie G = s Jilis D5 a3 &S b Sl

The means with at least one common letter in a column are not significantly different (LSD, P < 0.05).
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Table 5. Effect of irrigation intervals on SPAD index, leaf soluble sugar, shoot dry weight, stem diameter, branch number and leaf

phenol.
&bl s Spls e alislies Bl as K )3 Jows 3 Ko als
irrigation Phenol Branch number ~ Stem diameter ol ls Soluble sugar SPAD index
intervals (mg/g FW) (mm) (mg/g FW)
(day) Shoot dry weight
(2)

3 1.45b 6.50a 13.65a 39.94a 1.24c 48.10a

5 1.49b 4.58b 11.47b 35.19b 1.54b 42.81b

7 2.40a 4.00b 6.82¢c 29.94c 1.93a 22.78c

3 (5l e sl KU Lt ;3 0 mlaw 52 LSD Oe3l bl o gt sa s osline Gg o b gla (Sl
The means with different letters in a column are significantly different (LSD, P < 0.05).
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Table 6. Analysis of variance (mean squares) of agronomic traits measured in the experiment.
Q\J.::x.:cma a4 &n}g})j oﬁAaJUQ)'j o}:,eubdu.» Jf<l.&..9 JAL?'}“}A o}:AJJa_; oﬁpd‘}k
S.0.V &l b yas Fruit. fresh Fruit tissue b gus J .Fruit Fruit
weight firmness diameter length
df Fruit dry Fruit yield Total
weight suspended
solids
TSS
S
: 2 0.31m 2.34ns 0.55m 0.12m 0.005 0.11" 0.0006"™
Block
ol 52
Irrigation 1 1.12m 445.48™ 3.60™ 3.15™ 0.000 0.70" 22.93*
intervals
(1)
Jhobss
Organic 3 0.81"s 398.57" 2.50* 4.55™ 0.0105" 1.66™ 15.83™
compounds
(00)
x Jlesd
JT OLS 5 3 3.55™ 1263.19" 0.75m 0.02m 0.006™ 0.71" 5.14™
I x0C
Lo
14 0.40 33.53 0.25 0.06 0.01 0.03 0.28
Error
(OAY 27.43 29.14 19.87 16.21 2.01 17.84 16.81

O la fms pde S (ho ;5 O Jlaz=! (-:Ja.w 03 Gl eae # do s ) Jlax] (-:Ja.w 03 055y b3 ome ekt
**Significant at 1% level of probability, * Significant at 5% level of probability, ns: Non-significant
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Table 7. Mean comparisons of the interaction effect of irrigation intervals and organic compounds on fruit dry and fresh weights,
fruit diameter and fruit length.

ol s Jols o ser KA 035 o5 03U O3 o0 k3 050 Jsb
Irrigation - Fruit dry weight Fruit fresh weight Fruit diameter ~ Fruit length
O d
intervals (day) Teanie compornes (g/plant) (g/plant) (cm) (cm)
Control dals 1.82¢ 32.63¢ 3.26¢ 11.60°
PPN
2955 e 3.66% 46.39¢ 2.56¢ 9.814
Fulvic acid (200 mg/1)
3 Amino acid (6 I/ha) ael ol 3.27%® 55.07¢4 4.06° 14.10°
S 3l X aial o
a ab a a
Fulvic acid (200 mg/l) x 4.14 68.54 4.50 14.51
Amino acid (6 1/ha)
Control Jali 4.192 59.64% 2.96¢ 9.834
S b el
1955 s 415 68.69% 3.16% 1030
Fulvic acid (200 mg/1)
5 Amino acid (6 I/ha) 4l ol 3.51%® 74.91° 3.40° 11.46°
S el X aial o
2.76% 33.85¢ 3.50¢ 11.50°

Fulvic acid (200 mg/1) x
Amino acid (6 1/ha)

Y4

A (gl e sl S b Ao s3 0 s 53 LSD O35l el s S ie G s Blus Ot o 55 85 e Sl

The means with at least one common letter in a column are not significantly different (LSD, P < 0.05).
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Table 8. Mean comparisons of the effect of irrigation intervals intervals on fruit yield and fruit tissue firmness.

ool oss o gee S de o500 3 SNhes
irrigation intervals (day) Fruit tissue firmness (N/m?) Fruit yield (kg/plant)
3 4.852 5.832
5 4.07° 5.10°

3 (5l e sl KU Lt ;3 0 mlaw 52 LSD O3l bl o st ,a s sline Gg o b gla (Sl
The means with different letters in a column are significantly different (LSD, P < 0.05).
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Table 9. Mean comparisons of the effect of different organic compounds on fruit yield and fruit tissue firmness.

dﬂQL.SJ.: aﬁng".ﬁ.él.gcg\.é.ﬂ oﬁéjﬂ,@&
Organic compounds Fruit tissue firmness Fruit yield (kg/plant)
(N/m?)
Control Jals 4.28b 4.76¢
Fulvic acid (200 mg/l) < JJ 58 Al 5.41° 5.31°
Amino acid (6 1/ha) el Aol 4.00 5.06%
S g gheanl X aa] Ao
2 il X el 4 415 6.73¢

Fulvic acid (200 mg/l) X Amino acid (6 1/ha)

AL (gl e sl Sy b Ao s3 O s 53 LSD O35l el s S ie G s Bl Ot o 53 65 e Sl
The means with at least one common letter in a column are not significantly different (LSD, P < 0.05).
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Abstract

The present study was aimed to evaluate the effect of organic fertilizers of folic acid and amino acids
(glycine and glutamic acid) on the plant resistance to stress and yield of cucumber under deficit irrigation
conditions. The study was carried out as a factorial in randomized complete blocks with 3 replications. The
first factor was fertilization at four levels as control, 200 mg/I folic acid, amino acid glycine and glutamic
acid (6 liters per ha), and folic acid + amino acids (glycine and glutamic acid). The second factor was
irrigation interval (3, 5 and 7 days). The results showed that an increase in irrigation interval caused a
significant reduction in plant dry and fresh weights, internode length, root and shoot lengths, stomatal
conductance and chlorophyll contents. Furthermore, combined use of folic acid and amino acid and 7 day
irrigation interval increased root length, internode length, leaf area, chlorophyll a and relative leaf water
content by 159, 46.9, 84.7, 138 and 36%, respectively, when compared with the control at the same irrigation
interval. In addition, a 70% increase in plant fresh weight and 84% increase in fruit weight were observed in
irrigation interval of five days and combined treatment of amino acid and folic acid. In general, it can be
concluded that the combined application of amino acids and folic acid improved the morphophysiological
characteristics of cucumber under deficit irrigation conditions, while it was not effective in improving yield
and fruit production with the seven-day irrigation interval.

Keywords: Chlorophyll content, Fruiting, Organic compounds, Drought, Leaf area, Stress.

Background and Objective: It is difficult to clearly define drought stress and conditions creating
dehydration. However, when soil available water to plant is less than the plant water requirement for
maximum growth, plant is exposed to water stress. Several studies have shown that increasing soil water
availability can increase nutrient uptake by plants. In addition, increasing the cation exchange capacity due to
the presence of organic matter in the soil improve the physical, chemical, and biological properties of soil.
Generally, these factors increase the sustainability of agricultural production under adverse growing
conditions, including a variety of environmental stresses. The current study was aimed to assess the effect of
organic fertilizers of folic acid and amino acids on the plant resistance to stress and yield of Superdaminus
cucumber under deficit irrigation conditions.
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Methods: Plants’ seeds were sown directly in soil. Different types of organic fertilizers were applied through
irrigation at the same time. The irrigation treatments were applied by different irrigation intervals (i.e., 3, 5
and 7 days). Then, plant morphological traits including root length, shoot length, internode length and stem
diameter were measured using a digital caliper. Moreover, leaf area, plant fresh and dry weights, leaf
stomatal conductance and physiological traits such as leaf relative water content, electrolyte leakage, leaf
chlorophyll content, total phenol, soluble sugar, antioxidant and proline were measured at the end of the
experiment. Agronomic traits such as fruit dry and fresh weights, mean fruit length and diameter, firmness of
fruit tissue and plant yield were evaluated at the end of the experiment.

Results: Increasing irrigation interval from three to seven days caused a significant decrease in the some
studied physiological traits. Increasing irrigation interval resulted in a significant reduction in leaf relative
water content, chlorophyll content and leaf stomatal conductance, while it led to an increase in leaf proline
content and antioxidant capacity. Interestingly, the use of folic acid and amino acid organic fertilizers under
long irrigation interval (i.e., 5 day) could alleviate the negative effects of deficit irrigation and improve the
plant growth. Use of these compounds together with water stress conditions could increase the plant growth
by using their own mechanisms and improved the growth traits by improving environmental conditions.
Reducing growth is one of the mechanisms that plant uses to survive under stress conditions. Closing the leaf
stomata for preventing plant water loss, reducing leaf area, and consequently reducing photosynthesis in
plant bring about a reduction in the amount of non-structural carbohydrates stored and nutrients in the plant,
which in turn reduce plant growth. Following the reduction of nutrients in plant, the production of flowers
and fruits and finally plant yield decrease (1). Following the physical, chemical, microbial and biological
changes in soil, biological compounds increase both soil water retention and nutrient uptake (2).

Conclusions: The results of the present study showed that the growth and yield of Superdaminus cucumber
plants reduced under longer irrigation intervals. In general, although the use of folic acid and amino acids
solely played a role in improving the growth characteristics, the combined application of these compounds
had greater effect on improving growth and increasing plant yield under drought stress conditions. Taken
together, the combined use of these two fertilizers under deficit irrigation conditions is recommended.
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