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Table 1- Monthly average of weather parameters during potato growth period

Meteorological factors ewlailgd Jolge &3 ok — 3598 ) %”‘
Dec-Jan. Jan-Feb. Feb-March March-April April-May
Mean temperature ('C) Lod (5:SSkee 13.70 14.30 21.40 26.90 35.30
Mean maximum temperature ('C) e oy 1:ke 19.70 21.20 28.90 35.30 44.30
Mean minimum temperature ("C) il glos (1Sbo 7.60 7.30 14.00 18.40 25.70
Absolute maximum temperature ("C) Lo> llas pSlis 25.50 26.10 35.70 41.10 48.20
Absolute minimum temperature ('C) o> 3llas JBlas 1.20 2.80 8.00 10.00 20.10
Precipitation (mm) Syl 55.80 10.90 72.00 6.80 0.00
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Table 2- Physical and chemical properties of the soil in the experiment place
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@sm) (%) (%) (gkg")  (mg.kg™) (mg.kg™) (mg.kg™)
Silty Clay Loam 2.2 1.7 535 0.74 1.0 7.8 200 0.5
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Table 3- Results of variance analysis effect of plant growth biostimulants on day to emergence, stem number,
plant height, day to canopy closure, tuber number per plant and mean tuber weight
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variations i gbe ol Day to Stem ©¥ Day to Total Tuber number 8as
df emergence number Plant cano yield per plant Mean tuber
’ height py ight
closure Welg
Replication S5 2 2.08™ 0.003™ 1.02™ 21.44" 34.45™ 0.55™ 180.94"
Cultivar (C) o5 1 8.33™ 0.3417 11.12" 17.52" 938.51" 20.417 632.42"
B'Os“(rg;“a”ts Ly Spe T 4.04™ 0108  17.85" 11.94™ 75.58" 032" 394.66™
X 03 ns ns ns ns * * *
CxB 7 5.71 0.048 5.02 4.71 11.27 0.29 100.82
Ay J)m
Error (1559 30 6.37" 0.047 3.23 2.86 4.37 0.10 42.19
oyl
CV (%) 5.7 8.9 8.6 2.1 7.3 4.8 8.0
Ol
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ns, *, **: Non-significantly difference and significantly difference at 5 and 1% probability levels, respectively.
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Table 4- Means comparison effect of plant growth biostimulants on day to emergence, stem number per plant, plant height
and day to canopy closure

Treatment AU A5, S yoxa w0 U 59, a8l slaxi &yt .51.63,! ol Hiigr B 59,
Day to emergence Stem number Plant height (cm) Day to canopy closure

Humic acid Seogad Spuwl 44.00a 2.48ab 21.70ab 81.33b
Amino acid-Zn 9 Ainel Syl 44.33a 2.45ab 21.28ab 81.33b
Amino acid-K ol diel dpusl 44.83a 2.47ab 21.37ab 82.33ab
Amino acid-Ca S — a0l sl 45.67a 2.35ab 21.47ab 82.00ab
AMino acid-K-Ca oyl — i iyl Spuol 44.50a 2.35ab 20.83abc 82.50ab
Combined plys G pas 43.00a 2.63a 23.27a 80.83b
Amino acid dinel Ans] 45.33a 2.38ab 19.37bc 80.67b
Control (M) S yzo (o) dalis 44.67a 2.22b 17.5¢ 85.00a

A3l o5 (P<0.05) ls gme 3BT (chyls S5 yg0il b (gt y > S jidie B9 y> b dlael
Numbers followed by the same letter are not significantly differentns (P<0.05)
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Table 5- Means comparison effect of cultivar on day to emergence, stem number per plant, plant height and day to canopy

closure
. e . . Ag slay W a e
~) o U 59, Al Sl ZEE Ll g U 5,
Cultivar Day to emergence  Stem number _Plant Day to canopy closure
height (cm)
Otava Iyt 44.13a 2.51a 20.37b 81.46b
Sante asl 44.96a 2.32b 21.67a 82.66a

sl oo (P<O.05) o gime BB (el (S5 39051 b (g o j3 S yiiie gy b dlael
Numbers followed by the same letter are not significantly differentns (P<0.05)
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Figure 1- Mean comparison effect of plant growth biostimulants on tubers yield. Columns with same letters are not
significantly difference by using Duncan multiple test rate at P<0.05 probability.
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Figure 2- Mean comparison effect of plant growth biostimulants on tuber number per plant. Columns with same letters are
not significantly difference by using Duncan multiple test rate at P<0.05 probability.
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Figure 3- Mean comparison effect of plant growth biostimulants mean tuber weight. Columns with same letters are not
significantly difference by using Duncan multiple test rate at P<0.05 probability.
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Table 6- Results of variance analysis effect of plant growth biostimulants on haulm growth rate, tuber growth rate,

crop growth rate and relative growth rate
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ns, *, **: Non-significantly difference and significantly difference at 5 and 1% probability levels, respectively.
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Figure 4- Changes trend of haulm growth rate and tubers with different cultivars
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Table 8- Means comparison of interaction plant growth biostimulants in sampling period on tuber growth rate

S el dawl  —diol ) el dl — ol ! Pl & pan ]
. - ol !
Sampllng 8599 Sogud 59 oy S (odS — iy Sl yg) A: o aaly
period SoPpdised  Humic Amino Amino Amino Amino (ol :gilgo Control
acid acid-Zn acid-K acid-Ca acid-K-Ca  Combined
First Jsl 5.762n 5.617no 5.299nop 5.0580p 5.215n0p 6.884m 4.159q 4.953p
Second pgd 17.45b 16.781c 13.639f 12.937g 13.425fg 19.557a 14.808e 12.8479
Third pow 13.428fg 11.713h 15.419d 15.089de 12.953g 15.606d 10.264i 7.471
Fourth FSITES 9.812ij 8.464k 9.508j 10.205i 8.782k 11.204h 6.53m 4.831p
Fifth pesy 2.935r 1.802s 2.527r 2.677r 1.944s 2.731r 1.87s 1.383s

Al a5 (P<0.05) iy gixe M (clyls S5l g0l b ytm o )3 S yndia g b sl
Numbers followed by the same letter are not significantly differentns (P<0.05)

Jyans sy sy

9 19gl )l 1> Jpae ad) Cusps (551285905 0593 (il 53
ORI L g mye yie 3 jgy 3 )5 FIAY 9 MOY (s ey el
Jgmame 1) Copw 95 o Sli 8l a3 9 Sy pdaw
w5 5 19550 pL5) )3 Jguamme 15y ety Sl .l il
| JSd) Sy @pe e 53S9y 3 )5 VN 5 V4100
548y 059 3ol 53 Gliioes (3135 L Suales iagh cnl )3 (0
o SBS p (5855 )8 b 3 g (g My lalS e 4 g
Al-Mahmud et al., ) cil (Jg5 pw Jouase 4 d) ey
0)90 Jobo )0 29 o alas Mo (call 0) JSi j> &S 4 )5boas (2014
Sdsne yoboa Igligl 185 5 Jgase M) Cos pu (5 )l3 peiges
55 ) Jomame Ay Gy (92 yide D9 Al o3 5yl
Ay Sy o gme 50 4 Glpe |) Lo 0 4 S 19l
P9> 9 Jsl 0193 3 j2d) (2lo—n plislad) ey g oas
Comd (o i SB0AE 903 9 AD) 0)93 Jsbo 53 ()13 peiges
2

g0 et an oa e s odlo zesd JSlas ¢ Lo e 4
.\.».w‘ u_i.. dl_lb)Lo.u - .\_JB) e )_Ia.s )l C',‘Sl.s uoLa.ol
byl b 4 s pg3 0)93 13 (95 dinel dpusl § Spogun
Pz 5 pow Jolpe > &S Jb > wiils 6y gme 55 o3l
53,5 by (poleer 4l yo 53 Sionged Sl ) (o316l (slalos
&3yl 50,8 ()18 31 5> gl iy oy a5 ay (A o)
IDLLJ‘ Ay Cas g ua>l.w KV PRIV GOSN W 3 dlm;f)m
Ul L Somlen ) (S Lol 50,8 e an olen
Ay sy )> SWAN A8 5905 (g wm e LSRR
Mousapour ) cewl acil JLos 4 35 1) 6 5YL 3, Slos i
by b e Bgte n£ Je (Gorji and Hassanabadi, 2012
olS 903 9 A5 0y93 3ol )5 (alen Slaplsl iy iRl 5 (odig)
laiigl 5 60id 08D Slge ks b & lgise |y o s a5 cdly
(Kleinkopf et al., 2003) sls cous



YE+ o flimo € oylowd VA Wa oyl pal £y5 GliRoy s puis YV

0.07 -
0.06 -
0.05 -
0.04 -
0.03 -
0.02
0.01 -

(grogrtd-)

olS (oo A5 C pu

Relative growth rate

Dis b ptiges cslooyga (

Sampling period

Jgazme Ad)y csp

—— 1syl

Crop growth rate

A )b piges slooygs (

Sampling period

QU1 5T Cot o My w9 Jguato Sy CS gt 3l yadS Mgy —0 S
Figure 5- Changes trend of crop growth rate and relative growth rate with different cultivars
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Introduction

Potato plays an important role in global food security and it growth and tuber yield are influenced by many
biotic and abiotic stresses, such as drought and low or high temperatures. Potato in Khuzestan province is facing
unfavorable weather conditions, especially high temperature. Humic acid and amino acid, as well-known
biostimulants, can directly or indirectly influence on plant growth and yield and significantly mitigates the
injuries caused by abiotic stresses. In some studies, the use of humic acid has been reported increase root length,
improve nutrient uptake, and increase chlorophyll synthesis. Amino acids in potato plant increase natural
resistance to stresses. It seems that biostimulants and some nutrition elements can be applied as a strategy to
reduce the negative effects of high temperatures. Therefore, this study was conducted to evaluate the effect of
plant growth biostimulants on growth indices, yield and yield components of potato cultivars in Khuzestan
region.

Materials and Methods

This research was conducted in two studies. First study was carried out as a factorial experiment in a
randomized complete block design (RCBD) with two factors including 16 treatments in three replications at
Behbahan Agricultural Research Station in 2019-2020. The first factor was application of plant growth
biostimulants at eight levels: control (application of chemical fertilizers according to soil test), humic acid, free
amino acid (L), amino acid-Zn, amino acid-K, amino acid-Ca, amino acid-K-Ca and application of all studied
biostimulants (except free amino acid). The second factor consisted of two potato cultivars: 'Ottawa and Sante'.
In the second study, growth analysis was done in a split plot factorial based on RCBD with three replications.
Main plot consisted of five sampling periods with 15 days intervals. Sub plot consisted of combination of eight
plants growth biostimulants and two cultivars of potato as factorial. Tubers were planted at mid January. One
week before harvesting haulms were defoliated and tubers were harvested at mid May. Humic acid was used as
fertigation at 10 kg.ha™ in the early stages of growth. Foliar application of amino acid, amino acid-Zn was done
at two stages, tuber initiation and the beginning of tuber bulking. Foliar application of amino acid-K, amino acid-
Ca was done at two stages, the beginning and middle of tuber bulking. Amino acid and amino acid-nutritional
element were done at a concentration of 0.5 %. Varince analysis were done by MSTATC statistical software and
meanes were compared using Duncan’s multiple test range at the 5% level.

Results and Discussion

The results showed that in two cultivars, application of all studied biostimulants (except free amino acid)
significantly increased tuber yield compared with control. In Sante cultivar, the highest yield was dedicated in
the treatment of combined, and the yield of this treatment was significantly higher than the yield of alone
application of these substances. In Ottawa cultivar, the highest yield was achieved by application of combined
biostimulants, but the differences of tuber yield among this treatment and treatments of amino acid-K, amino
acid-Ca and amino acid-K-Ca and humic acid were not significant. The results of growth analysis showed, in the
most sampling periods, the highest tuber and crop growth rate were recorded in the combined treatment.
Therefore the highest tuber yield was observed in this treatment. In the first and second sampling periods,
application of humic acid or amino acid-Zn were more effective than other treatments. But, in the third and
fourth sampling periods, treatments of amino acid-K, amino acid-Ca were more effective in comparision to alone
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of these substances. In different sampling periods, tuber and crop growth rate in Ottawa cultivar was
significantly higher than Sante cultivar.

Conclusion

According to results, in Sante cultivar, the combined treatment of plant growth biostimulants produced the
highest yield in comparision to any individuals of these substances. Therefore, use of humic acid as fertigation in
the early stages of growth and foliar application of amino acid- Zn at two stages tuber initiation and the
beginning of tuber growth and amino acid-K-Ca at two stages the beginning and middle of tuber growth, are
recommended. In Ottawa cultivar, the differences of tuber yield among treatment of combined application of
growth biostimulants, amino acid-K, amino acid-Ca and amino acid-K-Ca and humic acid were not significant.
Therefore, based on the finding of the present study, it could be concluded that treatments of amino acid-K,
amino acid-Ca or humic acid may be an effective growth biostimulants for improving yield of Ottawa cultivar.
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