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1- Water usage effectiveness
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Table 1- Amount of irrigation water and crop water requirement

WaF-4
2015-2016
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(m3) s Amount of irrigation (m3) Percent irrigation
Crop water requirement by Irrigation water Crop water requirement by app compared to water
app Netwat Cropwat requirement
C“”‘;“ | 33157 -
3800 ontro 2957
o= 1901.9 64.3%
Stress
ol +=Fe Bos )3 5 ©f g SB dunwio SB alowd 5 (58 Olaogad —Y Joi>
Table 2- Physical and chemical properties of soil (0-30 cm)
Colad s i oy o PR 89 e
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& el ) £t =3 il il o= oS se) 7 S RS reS reS reS
Tequre  PH AORU (o) (sep)  (aey) () m) I Y S A o A
Class [ SPe6)  FC®)  pwp  OC(%) ’ P(ava) & s R A

E - ‘ mg mg mg mg mg

C(?)s m (%) (mg kg?) kg k) kg?) kgl) kgt

Loam 1.7 15 30.3 16.4 7.6 0.7 0.08 14.2 272 4.38 15.6 1.92 1.58

PS5 5o (gl5a T 9 3, Mos (59, 1 Suglod 9 Sogud sl 9 (5l T iyl i Y Jgu
Table 3- Variance analysis of effect irrigation and humic and fulvic acid on the wheat yield and component yield

FKeY,
o . 1,5
5 a SR £l db o swn @
Oyt 2alio ] Js 2,Ses &y 5 ySlos &l L . 3 pao
833 Total vield Grain vield ~ Shoot lgd ® Al -
S.0vV o otal yie rain yie 1000 grain height Spik Grain ol
weight length  umber WUE
per spik
B“f?l’i( 2 2632447.3™ 2442708.3™ 3.20m 0.52M 0.03™ 6.02" 0.44"
0oC
I(A_) dtflﬁ' 1 7593092.5* 2006944.4™ 64.5™ 104.3" 1.02 225 235"
rrigation
N L‘;‘*f'lx _‘f"t*_ 2 151882.3"™ 491319.4" 16.3" 221 031" 008" 0.13™
OCK X Irrigation
('i') Saglsh ; f“il“"ﬁ“‘” A‘d“' 5 31573418.7%* 7170833.3" 15.8" 320.7" 092" 306~ 127
umic and Tulvic acl
AxB 5 2874567.3™ 286111.1™ 11.4" 38.8™ 049  2.05® 0.18™
EUb 20 5114384.7 573263.8 4.26 7.98 0.12 2.78 0.10
rror
(o) Sliesdd 2 - 9.28 9.36 4.69 2,51 4.06 3.68 9.69

Coefficient of variation(%)

7N Jlein] gaws ) (gyls g™ b Jlain gaws ) (gyl5 gme® ()b ine yt ™
"s Not significant,* Significant at 5% probability level, ** Significant at 5% probability level
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Table 4- Means comparison of effect irrigation and humic and fulvic acid on the wheat yield and component yield

039 &, Jsb "
Slos i1s 5 S) EW, s
& b, b b, )‘}h KY M? > &y <l bl
PRMS)  reSAS)  wbs . s £oLS)
Lo lo2 uul.u) Aed »eSes
e (b5 5 (esa (o55) >
Treatmet Total : ! (o giilw) (%o Grain (xS sk
otal Grain 1000 .
; ; ; Shoot Spik numbe WUE
(ﬁ' '%d) (ﬁ' '%d) gram — pejght Ier?gth r per (kg/m?)
a a ; X
g g Wt cm)  (Cm)  Spik
(A) LS)L‘.%I
Irrigation
(W2) 3 23887.02 7847.22 4252 110.8° 8.542 4552 4,122
Stress
(W1) Sgone 2480560  8319.4%  454%  114.28 8878 4500 2500
Control
(B) Soglgh g Sogats s
Humic and fulvic acid
FoHo 21417¢ 6791.7d 42 .45 101.54 8.29¢ 4350 2.474
FoH20 24028 ¢ 8250.0° 42.8° 116.8° 8.77® 44. 6P 3.38°
FsHo 22028° 708339 42,6 109.3¢ 8.25¢ 435 2.89¢
FsH2o0 25667 @ 9250.02 46.02 120.22 9.182 48.32 3.802
F1oHo 27333%  9416.7° 441  108.4° 9.10°  48.0° 3.86°
F1oH20 25606 2 7708.3%¢ 4578 118.92 8.640 43.8° 3.200
AxB
FoHo 198891 62507 40.2° 99.69 7.968 44.0¢ 3.28¢
FoH20 23222 bed 800(bede 40.3¢ 116.55¢ 8.50¢d 45.6" 4.20°
S FsHo 21278¢d 6750¢f 40.1¢ 110.14 7.88¢ 43.0° 3.54¢
% FsH2o0 25944 @ 9083abe 45 5@ 113.7¢ 9.252 48.0% 4,772
! F1oHo 272222 916620 42.6C 107.4¢f 9.092¢ 48. 62 4.812
F1oH20 25767 % 7833cde 46,120 117.7°%¢ 8.54bcd 440°¢ 4.11°
FoHo 22944 bed 73330ef 44 6% 103.4T 8.62bc 43. Q¢ 2.21F
g FoH20 24833 abc 8500abed 45,32 117.2bc 9.03ac 43.6¢ 2.56¢f
o FsHo 22778 bed 7416%f 45.1@ 108.6¢ 8.63% 44 .0° 2.23f
E FsH2o0 25389 @ 94162 45,52 126.82 9.12% 48.62 2.84de
F1oHo 274442 96662 45.6% 109.34de 9.11% 47.3% 2.91d
F1oH20 25444 3 7583de 45.43% 120.10° 8.7582be 43.66°¢ 2.28f

5,15 (gl sime M3 S0uSs b o yd O maws 13 (63 (wl JI 9051 b (oylol Blod ) sitann S yitio By S g3 &S slayuSibio t+
+: means followed by similar letter in each columns are not significantly different at 5% level according to
LSD Multiple Ranges Test.
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Introduction: Optimum water consumption in agricultural production is of vital importance as one of the
most important environmental factors affecting the growth and development of the plants, especially in arid and
semi-arid regions such as Iran. On the other hand, drought stress, among other environmental stresses, is one of
the most important factors that adversely affect the plant growth and yield. Due to the presence of hormonal
compounds, organic acids (at low concentrations) can positively affect the production rate and the quality of
agricultural products. Considering the water deficit and the necessity of saving water resources as well as the
role of organic acids in reducing the negative effects of stress, in the present study attempts are made to
investigate the effect of humic and fulvic acid on wheat yield (Triticum aestivum L.) under drought stress
conditions.

Materials and Methods: The present study was carried out at the research farm of the national soil and
water research institute located 15 km away from Karaj (with elevation of 1280 m) during the 1394-95 crop year.
The experiment was a split-plot experiment based on randomized complete block design with three replications
which included two main plots (full irrigation and stress) and 36 sub plots of Sivand cultivar. The treatments
consisted of the main factor of irrigation regimes at full irrigation and stress levels (35% lower than water
requirement) and a sub-factor including six control treatments (FoHo), no foliar application of fulvic acid, in-soil
application of 20kg- ha of humic acid (FoHzo), Foliar application of fulvic acid (FsHo), and no application of
humic acid (FsHo), (FsH20), (FioHo) and treatment (FioH2o). The wheat water requirement in the area was
estimated by means of Netwat software and irrigation periods were determined based on weather forecast and
soil moisture data. Irrigation was carried out using a system of drip irrigation with a specific pressure and
discharge level. The stresses were applied from mid-April through consideration of different irrigation hours as
compared to full irrigation time. After completion of the growth period, the plant water requirement was
accurately estimated by Cropwat software and the percentage of applied stress was accurately calculated
(approx. 35%). The Plant yield and some of its components were measured. Statistical analysis was performed
through LSD method at 5% significance level using SAS software

Results: The mutual impact between irrigation and fulvic and humic acid applications on total and grain
yield was not significant (P <0.05). The highest yield was related to the foliar application of fulvic acid (F1oHo)
with a total yield of 27331 kg/ha, which had no significant difference with treatment FsHyo (total yield of 25667
kg/ha). Under full irrigation conditions, treatments (FioHo, FsH2o) led to 31.81% and 28.44% increase in grain
yield (as compared to the treatment yield) respectively. Under low irrigation conditions, treatments (FioHo,
FsHao) led to 46.66% and 34.33% increase in grain yield, respectively.

The Weight of 1000 Grains The application of humic acid and fulvic acid alone did not significantly
increase the weight of 1000 grains. But the combined application of fulvic acid (FsHo) and humic acid (20 kg
/ha) significantly increased the weight of 1000 grains (8.5%). Under low irrigation conditions, the combined
application of humic acid and fulvic acid (FioHo) increased the weight of 1000 grains (as compared to the control
group) by 14.75%.

Shoot Height The highest shoot height (126.86 cm) was obtained in foliar application of fulvic acid (FsHo)
with the in-soil application of humic acid in full irrigation conditions, which increased the shoot height by
22.68% (as compared to the control group). The lowest average shoot height (99.66 cm) was obtained through
no application of fulvic acid and humic acid in stress conditions.

Spike Length The application of fulvic acid (FsHo) had no significant effect on spike length. However, the
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combined application of humic acid (20 kg/ ha-) and fulvic acid (FsHo) increased the mean spike length.
Regardless of irrigation conditions, the highest mean spike length was 9.188, 9.105 cm for treatments (FsHao,
F10Ho) and the lowest mean spike length was 8.258, 8.293 c¢cm, for treatments (FsHo, FoHo).

A number of Grains per Spike The combined application of humic acid and fulvic acid (FsHo) and the
application of fulvic acid (FioHo) led to 10% increase in the number of grains per spike as compared to the
control group.

Water Use Efficiency The main effect of irrigation and the use of humic acid and fulvic acid on water
efficiency was significant at 1% level. The mean comparison at 5% level showed that tension caused 68%
increase in water use efficiency. The use of humic acid and fulvic acid increased water use efficiency
significantly. The maximum water use efficiency (3.86 kg / m 3) was in spraying the fulvic acid at a
concentration of 10 per thousand. Under full irrigation and low water use, the use of fulvic acid at a
concentration of 10 per thousand increased water use efficiency as 43.34% and 62.25%

Conclusion: The results of this study showed that the combined application of fulvic acid (FsHo) and humic
acid (FsHzo) significantly increased all the traits under study. The application of humic acid in drought stress
conditions led to 9.09 percent increase in grain yield as compared to the control groups in the full irrigation
condition, and the application of humic acid and fulvic acid (FsHo), as well as foliar application of fulvic acid
alone (FioHo) under stress conditions led to 23.86% and 24.9% improvement in grain yield respectively ( as
compared to control treatments under full irrigation conditions) while foliar application of fulvic acid (F1oHo) in
drought stress conditions resulted in a 2.65% reduction in grain yield as compared to the same treatment under
full irrigation conditions. The results showed that the application of fulvic and humic acid in low irrigation
conditions can increase wheat yield and water use efficiency.
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