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ABSTRACT

Planting high quality seeds with high germination percentage is important in agriculture, especially in mechanized
and industrialized systems. So, this experiment was conducted in 2011 in Arak, Iran, to evaluate the effect of seed
priming treatments on the seed quality of red bean. The experiment was conducted in split plot in the form of a
randomized complete block design with three replications and two factors. The first factor was primary seed
priming, in which seeds were or were not treated with water, for 14 hours. The second factor was complementary
seed priming which was conducted after drying the seeds treated in the first step. In this step, water, 100 ppm KCl,
0.5% CaCl,.2H,0, 50 ppm KH,PO, and 20 ppm GA; were used to treat seeds for 14 hours. Results indicated that
the primary seed priming had no significant effect on none of the measured traits. However, complementary seed
priming significantly affected plant dry matter, grain yield, 100 grain weight and the number of pods. The
interaction of two factors had only a significant effect on 100 grain weight. Mean comparison indicated that the
highest plant dry matter (53.06 g) and the highest grain yield (5.98 t/ha) were both achieved when seeds were first
treated with water (as the primary seed priming) and after drying were treated with GA; (as the complementary
seed priming). On the other hand, the lowest plant dry matter (23.30 g) and the lowest grain yield (3.17 t/ha) were
also observed when seeds were first treated with water and after drying, were treated again with water.
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INTRODUCTION

Providing enough food with high quality for the ieasing population is the most challenging issuedsearchers
and governments. Protein content is an importaatufe of a healthy food. Protein can be obtainenftwo

sources: animal meat and some plants. Cerealsegiinkes are the main plants eaten by human. Cexealthe
source of calories and carbohydrates, and legum@asde proteins to human body. Legumes contain warage

25% proteins, which makes them a valuable food 8],

Beans are the most important legumes widely caivall over the world. Statistics shows that bgain yield has
increased from 7 million ton in 1945 to 19 millitam in 2004. Asian and American countries are thstrmportant
bean producers which produce about 87% of worldiycton [19].

Seed priming is one of the methods of increasimddyin different crops including beans. This prigiimay be
conducted by using water or some chemical substaimgreasing seed quality and germination. Highngeation
percentage and simultaneous germination are twioedesaits in mechanized agriculture [16, 21]. @d@mentary
seed priming is a water balance dependent proceghvs conducted by soaking seeds in water fogréam time
to accelerate their germination. The complemensasd priming stimulates many metabolic procesdesetkto
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seed germination [3, 9]. Veera Raj et al. [23] smhihe seeds of six rice cultivar in water for 2drd then dried
them for 48 h. Germination of soaked seeds vaniethf41 to 100% in different cultivars during thesfi24 h;
however, it took 48-72 h for non treated seedstoninate. On the other hand, soaking rice seedaiar increased
all growth parameters of seeds such as the nunmukteagth of roots, root weight, shoot length ahdat yield.
Nalawadi et al. [20teported that soaking soybean seeds in water fdr H&d significant effect on germination rate
and seedling weight. The treatment increased getinimpercentage from 21.20 to 54.0% and seedligighw from
1.73 to 3.44 g. Massawe et al. fiko reported that soaking seeds of three grouncldtivars in water increased
germination percentage (from 49 to 74%), seedlmgrgence (from 42 to 72%) and seedling dry weiffbir{ 160

to 250 g). On the other hand, results indicatedl shaked seeds started to germinate after 4 daysbuo-treated
seeds started to germinate after 6 days. In fighdements, Joudi and Sharif [1f@jund that soaking barley seeds in
water can improve seedling establishment in dndiams.

In addition to water, some other chemical substanoay also be used in seed priming. Higher gerioimat
percentage is observed in seeds treated with calsaits; germination percentage and salts condemtravere
significantly correlated [5, 11]. Kathiresan et B8] reported that treating sunflower seeds with 20%,K®}
improved emergence and early growth of seedlinggeld. Kulkarni and Eshanna [14] found that tregtimaize
seeds with 1% calcium chloride increased germinapercentage and speed, emergence and seed vi( in
compare with the non-treated seeds. Ramalal €tl3].showed that soaking maize seeds in,RE, solution
significantly increased germination percentage spekd, shoot length, root length and seedling we@jimgxiang

et al. [22]also reported that treating maize and soybean seldsinetin and GA increased seedling emergence
and initial growth; GA was more effective than Kinetin.

Regarding the benefits of seed priming with watecteemical substances, the objective of this expent was to
evaluate the effect of primary and complementagdserimings on the growth and yield of red beBhaéeolus
calcaratus).

MATERIALSAND METHODS
This experiment was conducted in 2011 in ArdeslaistR farm, Aman Abad, Arak, Iran, (49° 54' E, 3% N and
2050 m above the sea level). Soil type at thesiestwvas clay loam (clay, 33; Silt 23; sand 44%hwie pH of 7.7.

Other physic-chemical properties of soil are listedable 1.

Table 1. Physic-chemical propertiesof thetest site soil.

Depth(cm) EC(ds/m) R:(Ppm)  Kae (PPm) N (ppm) OC (%) Fe (ppm) Zn (ppm) Mn (ppm)  @pm)

0-30 2.2 8.9 195 0.08 0.83 4.8 0.78 4.4 0.4

The experiment was conducted in split plot in tleenf of a randomized complete block design with ¢hre
replications and two factors:

Primary seed priming. This treatment was in two levels: seed were sb#&e) and were not soaked £Qn water
for 14 h.

Complementary seed priming. This treatment was in six levels: seeds werespaked (control, i, were soaked
in water (T), 100 ppm KCI (), 0.5% CaCGl.2H,0 (T,4), 50 ppm KHBPO, (Ts) and 20 ppm GA(Te) for 14 h. For
complementary seed priming of those seeds whichréegived primary seed priming, seeds were firgddfor

three days in open air.

The field was prepared in the conventional methdmal manure was added 15 days before cultivatidnkg
N/ha, 80 kg P205/ha and 25 kg K20/ha was also atidédld at cultivation. Treated seeds were calidd in 10 x
30 cm intervals. Weeds were manually control ag@8 30 days after planting. After harvest at thegsaiogical
maturity, samples were dried under sunshine andgexlito split the seeds from pods. Then, seeds eleamed
and stored under sunshine to reach the 8% humidity.

After measuring the required parameters, data amatyzed using SAS and MSTAT-C and means were cadpa
according to the Duncan's multiple range test. Gsapere also created using Microsoft Office Excel.
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RESULTS

Plant dry matter. Results indicated that the primary seed prim@ydnd the interaction of primary seed priming x
complementary seed priming (T) had no significdfeat on plant dry matter; however, the effect ofmplementary
seed priming was significant (Table 2). Mean corggar indicated that the highest plant dry weigl8.06 g) was
achieved in @3, in which seed were treated first with water ameint with GA, and the lowest plant dry weight
(23.30 g) was achieved in @, in which seeds were treated first with water drah again with water (Table 3).

Table 2. Analysis of variance of the effect of treatments on the measured traits

Mean Squares (MS)

Number of

SoVv df Plant dry Grain Vield 100 grain Root Length  Number of rains in a Harvest
matter weight (15 DAP) pods 9 pod Index
Block 2 ns ns ns ns ns ns ns
Q 1 ns ns ns ns ns ns ns
Error 2 67.05 4.42 0.07 1.25 33.65 0.20 0.010
T 5 *x * ** ns ** ns ns
QxT 10 ns ns * ns ns ns ns
Error 20 43.85 1.21 0.46 2.72 19.15 0.29 0.002
CV (%) - 21.64 27.34 2.48 22.69 25.53 15.60 9.56
ns, nonsignificant; **, significant at P<0.01; *, significant at P<0.05.
Q, primary seed priming (soaking seeds in water).
T, complementary seed priming (soaking seedsin water, 100 ppm KCl, 0.5% CaCl,.2H,0, 50 ppm KH,PO,4 and 20 ppm GAg).
DAP, days after planting.
Table 3. Effect of treatments on the measured traits
Treatments Plant dry Grain Yield 100 grain Root Length Number of Number of Harvest Index
matter (g) (t/ha) weight (g) 15 DAP (cm) pods grains in a pod
Q 32.48a 4.19a 27.56a 6.87a 17.45a 3.41a 0.51a
Q. 28.68 3.86a 27.60a 7.68a 16.81a 3.57a 0.53a
T1 28.90b 4.10b 28.16a 7.01la 16.31b 3.51a 0.56a
T, 27.43b 3.58b 28.21a 8.19a 14.78b 3.45a 0.51ab
T3 45.86a 5.53a 27.43ab 6.79a 23.90a 3.26a 0.47b
Ta 25.88b 3.43b 28.01a 6.72a 14.23b 3.70a 0.51ab
Ts 31.06b 4.29ab 26.78b 7.83a 19.36ab 3.73a 0.54a
Te 24.38b 3.23b 26.86b 8.19a 14.21b 3.26a 0.51ab
QiT1 33.06bc 4.57ab 29.06a 7.04a 17.13abcd 3.63ab 0.55ab
QT2 26.93bc 3.23b 28.1ab 7.77a 13.96cd 3.33ab 0.46bc
QT 53.06a 5.98a 27.43bc 6.42a 25.00a 3.33ab 0.43c
QT4 26.50bc 3.58b 28.00ab 6.12a 16.60bcd 3.00b 0.52abc
QiTs 32.06bc 4.62ab 26.46¢ 6.45a 17.66abcd 3.90ab 0.56a
QiTs 23.30c 3.17b 26.30c 7.40a 14.36bcd 3.26b 0.52abc
Q. Ty 24.73c 3.63b 27.26bc 6.98a 15.50bcd 3.40ab 0.58a
Q.T, 27.93bc 3.92ab 28.33ab 8.60a 15.60bcd 3.56ab 0.56ab
Q:Ts 38.66b 5.09ab 27.43bc 7.15a 22.80ab 3.20b 0.52abc
Q:T4 25.26¢ 3.27b 28.03ab 7.32a 11.86d 4.40a 0.5abc
Q:Ts 30.06bc 3.97ab 27.10bc 9.21a 21.06abc 3.56ab 052abc
Q.Ts 25.46¢ 3.30b 27.43bc 6.80a 14.06cd 3.33ab 0.51abc

Meansin a column followed by the same letter are not significantly different at P<0.05.
QL1, seeds were soaked in water; Q2, seeds were not soaked in water.
Ty, seeds were not treated (control); T,, seeds were soaked in 100 ppm KCl; T3, soaked in 20 ppm GAg; T, soaked in 0.5% CaCl,.2H,0; Ts,
soaked in 50 ppm KH,POy; Te, soaked in water.
DAP, days after planting.

Grain yield. Analysis of variance showed the significant effeiccomplementary seed priming on grain yield; the
effect of primary seed priming and the interactidtwo factors were not significant. Mean companistso showed
that the highest grain yield (5.98 t/ha) was aohikin QTs, in which seed were treated first with water anelnt
with GAs, and the lowest grain yield (3.17 t/ha) was adhiein QTsg, in which seeds were treated first with water
and then again with water (Table 3).

100 grains weight. Results of this experiment indicated that 100ngraveight was not significantly affected by the
primary seed priming; however, complementary segchipg and the interaction of primary seed primirg

complementary seed priming had significant effectlus trait (Table 2). In mean comparison it wegealed that
the highest 100 grains weight (29.06 g) was aclkiene), T4, in which seeds received only a primary seed pigmi
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(only water). On the other hand, the lowest 100ngraveight (26.30 g) was achieved inTQ in which seeds were
treated by water at primary stage and again bynedteomplementary stage.

Root length 15 days after planting. Analysis of variance represented that root leddthiays after planting was not
significantly by any factor of the experiment, inding primary seed priming, complementary seed ipgnor their
interaction (Table 2). According to the Duncan'sameomparison, although the highest root lengt®l(e¢m) was
achieved in @I's, in which seeds did not receive any primary treatirand after that received KIPO, treatment at
the complementary priming; however, all treatmeatenn a statistically same group (Table 3).

Number of pods. Results indicated that the primary seed primiad ho significant effect on the number of pods.
Complementary seed priming significantly affectbd ttrait at R0.01. Interaction of the two factors had also no
significant effect on the number of pods (TableMgan comparison represented that the number of pad the
highest (25.00) in I3, in which seeds were first treated with water #meh with GA. On the other hand, the
lowest number of pods (11.86) was achievedQin which seeds received no primary seed primimg @&fter that
were treated with CagPH,O (Table 3).

Number of grains in a pod. Analysis of variance indicated that none of theatments of this experiment had
significant effect on the number of grains in a pBffect of interaction of the two factors was atgm-significant
(Table 2). Mean comparison showed that the highastber of grains in a pod (4.40) was achieved jf,Qin
which seeds did not receive any primary treatmemnt anly received CagPH,O as the complementary seed
priming. The lowest number of grains in a pod (3.8@s also achieved in,TQ, in which seeds were treated first
with water and then with Ca£2H,0 (Table 3).

Harvest index. Studying the analysis of variance representetiphimary seed priming and complementary seed
priming had no significant effect on the harvesteix. On the other hand, interaction of the twodecthad also no
significant effect on this trait (Table 2). Meamgaarison indicated that the highest harvest in@ex8) was related

to Q. T4, in which the seeds received neither primary ggéding nor complementary seed priming. Moreovie, t
lowest harvest index (0.43) was related td@ in which seeds were treated with water as thmam seed priming
and GA as the complementary seed priming (Table 3).

DISCUSSION

Results indicated that seed priming, mainly completary seed priming with chemical substances saifly
increased the measured factors including plantaiter, grain yield, 100 grain weight, root lengtie number of
pods and the number of grains in a pod.

These results are observed in other experimentsails al. [3] found that complementary seed prgraffects
many metabolic processes involved in germinatiod iaitial growth of plants; because priming stimek some
physiological activities in seed before plantirggyt will germinate faster when planted. Nalawadale{20] found

that soaking soybean seeds in water for 24 howsssigmificant effect on germination and seedliresfr weight;
increasing germination percentage from 21.20 to #4# seedling weight from 1.73 to 3.44 g. Khanle{4d

reported that soaking the seeds of sunflower irewfdr 24 h and then drying it back to the origihaimidity
percentage significantly increased germination g@@iage, emergence for field soil, root length, $Hength and
seed vigor index. Basu and Choudhary [t@ported that treating soybean seeds with wateorbefplanting
significantly increased field emergence (from 61t8097.77%), germination speed (from 29.27 to 3p.&8d
seedling weight (from 3.73 to 3.92 g). Joudi andr$10] also reported that seed priming techniques increesd
quality, germination percentage and seedling estabkent rate under harsh environmental conditions.

Punjabi et al. [2showed that treating barley seeds with water forahd then drying them increased grain yield
from 2.11 to 2.47 t/ha. Chatterjee et al. #3o represented that groundnut yield was imprdue@0-50% when
seeds treated with water were planted. In theiegrpents, priming seeds with water increased pelti\ifrom 899

to 1476 kg/ha), the number of pods (from 8.80 8)Pand 100 grain weight (from 172.80 to 192.30 g).

In addition to water, some chemical substances afsybe used in seed priming; their effect is gddn different
experiments. Christiansen and Foy [1dynd higher germination percentage when seeds gréreed with calcium
salts. Ghosh and Sen [1®jund that treating BerZ{ziphus mauritiana Lank) seeds with 1% potassium dihydrogen
phosphate increased germination percentage. Subbarand Slevaraj [15] also reported that treatirmugdnut
seeds with 0.5% Cagsolution for 32 h and then drying them for 10 éreased germination percentage (from 77 to
98%), field emergence (60.91 to 92%), seed vigon{f3007 to 3372) and oil content (from 50.72 tdl8%0).
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CONCLUSION

Results of this experiment generally indicated slgmificant effect of seed priming on red bean gtoand yield.
According to the results, the most effective segthipg technique was the one in which seeds wegt fieated
with water as the primary seed priming and aftgindy were treated with GA This treatment increased grain yield
by 64.74% and plant dray matter by 114.56% compavitltl the non-treated seeds. The least effectigatinent
was the one in which seeds were first treated wigtter and after drying were again treated with watieis
treatment even reduce grain yield and plant drienabmpared with the non-treated seeds.
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