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Table 1- Analysis of variance of the effect of humic acid levels and methods of their application in different nitrogen
treatments on morphological characteristics of strawberry cv. Paros

Oles o (ibo
Mean squares
e R FRYT SWE (39
| ’ . ’ 0 »® 5,.3 oy sLadluw dlaxi Moisture weight Dry weight e
GRS SR =
5.0.V ar “g Syt 52 09, Snghe i . o . ades
leaf number Runner number Leaf area wlo2 Ak wled Ak Root
per plant per plant Aerial Root Aerial Root volume
part part
Soly IS5 , , , ,
Block 2 0.862™ 0.628" 95969.6™ 0.215% 0.146™ 0317 0.357™ 0.427"
Repeat
,D)" 2 51.72" 3.498™ 32884833 2124497 475571 157.885" 45339 167.09”
Nitrogen
Lfl“_”' el 4 2.053 1.951 59298.04 2258 2453 0.495 0.249 3.684
main error
J){)K L):’s) Kok Kok Kok ok
Application 1 4.052"™ 85.217 427303.9 896.62 7.044™ 8.412™  0.982™  456.02
method
by X &l
Dﬂ)lg . ok . s ok * ok sk
o 2 1.819™ 60.509 13189.462™  400.498 94.248 13.928 8.651 78.468
Application
x method
Nitrogen
58 ok 6 133 0.38 18278.627 41.877 16.052 3.294 2.241 0.865
Sub error
;ia.ny.{b wal sk * ok ok sk *% *% *%
G 3 12.38 8.504 223700.126  1503.897 864.633 161.068 86.414  1051.928
Humic acid
Sl X ]
EWINY 6 2212 3216™ 89208.546° 632349 62.955" 32268 8495 48.428"
Humic acid
Nitrogen x
3208 b9,
JpulX
Sengd 3 30.25"" 1.482" 312284.572" 10768117 230.727 87.807" 22744 309.469"
Application
method x
Humic acid
dw Jilize il
sl 6 4.851™ 5.474" 25437.738"™  578.446  125.891" 47.075" 18404  36.047"
Interaction
tripartite
=8 ol
e 36 2282 2.968 38453.212 42.12 14.713 3.113 1.612 2.293
Sub sub
mistake
Sl e pd 9.5 8.9 18.7 14.1 135 14.2 13.5 5.1
CV. (%)

2dbge 2oyd Vg0 (gylel pans ) I3 e gl )l ime il pis (Kol ey FE g*ans

ns, * and **: Non significant, significant at 5 and 1% probability levels, respectively
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Table 2. Mean comparison of different levels of Nitrogen on the leaf number strawberry cv. Paros

N'tujl gy 0 Sy dlans
! rogﬁn Leaf number per plant
(kg.ha™)
50 15.59°
100 17.28°
150 14.36°
LSD 5% 0.88

ol LSD (y90jl 3l oalitl b bo )3 & Jloin] o 53 b uSilio 392 1o sime 0358 )l coglize by >
Different letters indicate significant differences were observed by LSD test at 5% probability level.
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Table 3- interaction effects of Humic acid level xApplication method on leaf number and leaf area in strawberry cv. Paros

- S KWw) | - = " S
2,8 slageg, 209 o Ag 40 Sy 2o LJ:ahC-':’:
Application methods (kg.ha™) leaf number per plant (e plant”)
0 15.17%7 920.14%
2 16.72%% 1050.28"
e 4 16.06™ 1128.23%°

&R

d d
Foliar 6 14.07 768.75
0 14.09¢ 915.16%
2 14.75% 1013.77¢
Sk 4 17.18% 1250.43%®
Soil 6 17.91 1304.34
LSD 5% 25 325.02

ol LSD 9031 1 odlisl b duoyd & Jlain] gdlans )3 by puSiloo (1390 5l gime 008 ol ogliie g >
Different letters indicate significant differences were observed by LSD test at 5% probability level.
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Table 4- Mean comparison of different levels of humic acid on the number of strawberry cv. Paros runners

&.:.oy.b .»,.wl dgr 4D dgy sadlw dlusi
Hl(lkng“; :_?;d Runner number per plant
0 19.46"
5 19.51°
4 19.74*
6 18.22°
LSD 5% 1.16

ol LSD 9031 1 odlisl b duoyd & Jlain] glans )3 by puSiloo (1390 515 gime 008 ol ogliie g >
Different letters indicate significant differences were observed by LSD test at 5% probability level.
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Table S- Interaction effects of Nitrogen level xApplication method of humic acid on the runner and flower number per strawberry plant cv.

Paros
35)5 g s, el gy 43 iy, bl dlass Gy 43 JS olass
Application methods ljll(tgr(l)iell; Runner nimber per plant Flower number per plant
- 50 18.94° 8.77°
us,)* 100 18.64° 13.27°
Foliar 150 16.59° 12%
S 50 18.91° 9.25%
, 100 19.97° 13.09°
Soil 150 22.34° 8.33°
LSD 5% 1.53 3.15

ol LSD 9051 5l okl b duoyd & Jlaio] zxlans )3 by Silio (1390 5l sime 0038 ol oglize gy
Different letters indicate significant differences were observed by LSD test at 5% probability level.
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Table 6- Interaction effects of nitrogen xhumic acid levels on leaf area, the flower number, fruit number and fruit yield in
strawberry plant cv. Paros

= . dgao dluny
el Saoed dgus! S 11 s J5 ol # ss0 3,Slos
.Nitrogen Humic acid Leaf area gy, Y9 Fruit yield
(kgha™) (kgha™) (cm’.plant™) Flower number per plant Fruit number (g-plant™)
per plant
0 864.6° 6.54° 5.5" 37.56°
2 980.33° 9.5¢de 7.33%f 53.3%
50 4 1140.75° 12.66™ 1P 77.89%
6 1084.16° 7.33° 5.67° 33.02¢
0 1005.11° 8.66% 7.16%" 48.76%
2 1075.4° 13% 10bd 63.06%
100 4 1491.53° 17.55° 14.5° 104.43°
6 1115.56° 13.5° 12.34%® 84.47%
0 883.25" 12.5% 1004 89.62%
2 1040.36° 11.5%d gede 94.17%
150 4 935.71° 8.16% 7.66%" 51.14%
6 909.91° 8.5% 6.41° 31.49°
LSD 5% 325.02 3.99 3.33 23.59

sl LSD (9051 51 okl b 0o yd & Jlain] gedans )3 by 3uKibo (390 I ixe 0038 o coglisie g y>
Different letters indicate significant differences were observed by LSD test at 5% probability level.
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Table 7- Tripartite interaction effectsof nitrogenx humic acid xapplication method levels on fresh and dry weight of shoot and root, root
volume and fruit weight in strawberry plant cv. Paros

' Sl ok S B9 )
ojl 351,55 s g, &m Moisture w_(leight Dry weig_lht A y o Bogao ST (439 (Sl
Nitrogen Application w09 (g-plant’) (g.plant’) Root volume Average of fruit weight
(kg.ha™) methods Humic acid = 1o iso Ay o isy Ay (cm®.plant™) (g.plant™)
(kg-ha) Aerial part Root Aerial part Root
0 34728 22.16"™ 3.58" 75 25.16 516
S 2 37.79°% 24,598 10.278" 8.08" 24.16* 6.36"
Foliar 4 70.94° 41.55 19%® 14° 44.03° 6.94'
6 16.71 14.03 439! 4.95 15.66™ 6.42"
50 0 34,24 20.83’ 9.33h 7.331 20.66' 5.167
Sk 2 59.81° 31.14%% 15.44% 10.47%% 30.1%" 5.96"
Soil 4 33,09 32.57%f 8.86" 11.320f 36.56¢ 9.02¢
6 27.49¢ 24,89¢h 6.69% 7.57 25,131 6.08"
0 51.16*¢ 25,618 12.65%% 7.84M 25.20 9.24¢
S 2 53.5%¢ 37.66™ 13.874% 11.51%% 30.03¢ 11.68°
Foliar 4 72.19° 48.32° 21.08° 16.28° 44.13* 6.53"
6 34,55 29.1°%h 13.24¢%% 10.15%feh 16.5™ 4.02'
) 0 53.15%4 28.09'8" 14.54°% 9.15%k 27.6" 10.5%
100 SE 2 53,62 35 4bde 14.7%% 11,850 33.5¢ 10,87
Soil 4 777 38.96" 20.13% 12,38 42.5% 7.58%%
6 57.44" 23.1M 11.96°%" 8.03" 41.03" 439
0 26.55M 21.221 6.74 7.86" 19.83' 6.79%"
S 2 47.68° 25,172 12.22¢% g.51e 32.56°% 7.95¢
Foliar 4 38.81°% 32,4390 17.34% 9.94°h 32.56°% 9.7¢
6 23,63 13.06F 5.444 424 14.43™ 5.11%
0 25.861 14 8.11k 4.83 21.83" 6.21M
150 Ss 2 42.68%F 24,328 1078 7.55' 35.03% 8¢
Soil 4 50.97° 30.36°% 12.34¢%feh 9.99°h 39.1° 7.74°%
6 76.86° 38.75% 20.17% 13.18" 31.63' 5.9
LSD 5% 10.76 6.358 2.92 2.1 251 0.95

o LSD 5051 31 03l b duoy3 & Jlozs] o 53 oy Silio (39 I3 gime 0358 s gliie B9
Different letters indicate significant differences were observed by LSD test at 5% probability level.
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Table 8 -Analysis of variance of the effect of humic acid levels and methods of their application in different nitrogen
treatments on yield and yield components of strawberry cv. Paros

s ©lar o 5xSike
2 JOVES g V3 ’ : i Mean squares
S.0.V &3 Jf NKey om0 NKey 2940 %) 039 u:;algo d9a0 D)SJAS
df Number of flowers Number of fruits Average of fruit weight Fruit yield
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Introduction: Strawberry fruit is soft and has a variety of vitamins, especially vitamin C and minerals. Parus
is one of the most important short-day cultivars and suitable for the fresh produce market. Nitrogen is involved
in vegetative and reproductive growth of most horticultural crops and excessive use of itdecrease yield and
quality of products and increasing pollution of the environment. Humic substances are contained nutrients that
improve the soil nutrients and increases the availability of food and therefore plant growth and yield. Studies
haveshown that to adding a certain amount othumic acid fertilizer with nitrogen can improve the growth of roots,
stems and leaves and enhances the yield and quality of products and increases the efficiency of nitrogen fertilizer
consumption. On this basis, this research was performed aimed at achieving the best combination of treatments

of humic acid and its application method and nitrogen in improving strawberry vegetative and reproductive
growth cv. Paros.

Materials and Methods: This study was conducted in the campus of Agriculture and Natural Resources
University of Mohaghegh Ardabili at during 2015-2016. In early september, land preparation was carried out,
and then were calculated base fertilizers 150 and 50 kg.ha™ of potassium and phosphorus, respectively plus forty
tons per hectare of manure. Stacks was prepared to dimensions of 1.5 x 1 m and the distance of rows was 40 cm.
Strawberry seedlings were planted with distance of 25 ¢cm on the row (10plants m™)in late November.

The experiment was carried out as a split split plot based on complete randomlzed block design with the
application of foliar and soil treatments of Humic acid levels (control, 2, 4 and 6 kg.ha’ ) and nitrogen fertilizer
(50, 100 and 150 kg.ha™") with three replications. Nitrogen levels were placed in the main plots and the type of
humic acid application in sub plots and humic acid concentrations in the sub- sub plots. Half of N(urea fertilizer)
was used at the time of planting and 25 %on the early may and 25 %on the early June. To apply foliar and soil
treatments, humic acid was used (Humaster tob with 85% of humic and fulvic acid, Yazd Golsangkavir
Company) with the start of the growing season at the intervals of every 10 days once (four times total). In the
soil method, humic acid is measured based on the desired treatments and then dissolved with deionized water
and added to irrigation water. In the foliar method, after irrigation thehumic acid powder was solutioned with a
certain amount of deionized water and it was sprayed on the plants in equal measure. In addition, only irrigation

water and deodorizing water were applied to the control of soil and foliar treatments, respectively. Traits were
as: leaf number and area, number of runners, fresh and dry weight of shoot and root, root volume, number of
flowers and fruits, fruit weight average and yield per plant. Data analysis were performed by using SAS 9.1 and

comparison of data by the LSD test at the 5% probability level.

Results and Discussion: All results due to different concentrations of nitrogen, humic acid and methods of
its application and their interaction on most traits were significant at 5% probability level. The highest values in
the leaf number (17.91) and area (1304.34 cm?) obtained in 6 lgha'1 drench application of humic acid. Also,the
most number of flowers (13.27) was observed in 100 kgN.ha" comblned with foliar application of humic acid
and the highest number of runners (22.34) was obtainedin 150 kgN.ha’ w1th drench apphcatlon of hum10 acid.
The most flowers (17.55), fruits (14.5) number and yield (104.43 g.plant’ ") observed in 100 kgN.ha 'with 4
kg.ha'humicacid. The results trilateral mteractlons of nitrogen,humic acid and apPhcatlon methods showed that
the highest Values of fresh weight (48. 32 g.plant’ " and volume (44.13 cm’.plant ) of root, dry weight of shoot
(21.08 g.plant™) and root (16 28 g.plant™) obtained infoliar application of 4 kg ha'humic acid.The most of shoot
fresh weight (77.7 g.plant™) also observed in drench apphcatlon of 4 kg.ha'humic ac1d and highestfruit weight
average (11.68 g) obtained in foliar application of 2 kg.ha'humic acid with 100 kgN.ha™.
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Conclusion: Results showed that the majority of evaluated traits, the highest values have been achieved of
100 kgN.ha'with foliar application of 4 kg.ha ' humic acid. On this basis, combined application of chemical and
biological fertilizers can be the best strategy to achieve sustainable agriculture and reducing the pollution of soil
and water resources along with increasing the product.
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