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ABSTRACT

In order to compare the effect of elemental calcammualitative and quantitative indicators of
maize crop under drought tension, a study was ccieduin a field located in Kamarbandi,
Varamin, as split plots according to complete ramiced blocks design in triplicates in 2009.
The results showed that the highest performancgrains was obtained at 14467.1 kg/ha
through conventional irrigation and spraying 8% Gde highest performance components such
as grain umbers per row and rows per maize obtaiaedl8.4 and 14, respectively, by
conventional irrigation and spraying 8% Ca. Theliegt performance components such as grain
numbers per row and rows per maize obtained at B8d 14, respectively, by conventional
irrigation and spraying 8% ca. the highest weight thousand, 283.6g, resulted from
conventional irrigation and spraying 4 ppm ca. @ild protein percentage were also affected by
irrigation and calcium treatments. The highest ai@ lowest percentage of oil obtained
respectively through conventional irrigation treant and spraying 8% ca. and discontinued
irrigating treatment from 7-9 leaves to rolling g@and control at 4.81% , while discontinued
irrigation treatment from 7-9 leaves to rolling g@and spraying 8% ca. resulted in the highest
protein percentage at 9.43%. the results showetldhand protein percentages have a reverse
relationship where increasing the amount of on¢hefn results in decreasing the others'. The
highest amount of leaf prolin was obtained at 0.T@@rograms per g through discontinued
irrigation treatment (a4) to leaf rolling stage arttie lowest one, 0.221 m/g, resulted from
conventional.

Keywords : maize, calcium, drought tension, prolin, perfarce, performance components.

INTRODUCTION

Thension or stress was, for the first time appbgdiological scientists about living beings [3].
Drought is a term used in meteorology represerdipgriod with a level of rainfall representing
a period with a level of rainfall lower than thetgatial evaporation and perspiration levels.
When the internal moisture of the plants is beld¥5due to the dryness of the weather, the
plants is exposed to deficit stress water [7]. Adow to Majidi Heravan (2002) dryness, from
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the viewpoint of agriculture, applied to a conditim which the amount of rainfall is so small
that will cause the reductipn of crop performarielants ability to adapt to the drought effects
and to grow and reproduce under drought tensiomausec of having characteristics obtained
through their evolution affected by environmentahditions and natural selection is called
drought resistance [35]. Tibbits (1979) proved #ggpling 25mm water at critical growth stage,
same as 100 mm water in the watering season, islusemeades et.al. (1994) suggested water
deficiency as one of the most important problemsafeuccessful production. Annually about 17
percent of global performance is lost because yiels which my even increase up to 70% [7].
One of the most common responses of the plantsetertvironmental tensions specially osmotic
variations (caused by dryness and salinity) is denamljustment or osmotic balance [2]. This is
to increase the swelling pressure of cells to perfeome important physiological activities
including cells growth and pores movements [35]e Tthants response and adaptation to this
condition is very complicated and partly variabldhe plants use some ways to be tolerant
against spryness. These are include some variatmongetabolic processes [24], variations of
membrane structure [16]. Producing a specific d&i¢ and producing secondary metabolites
[32]. When the plants are exposed to drought, isgliand low temperature, their free proline
amount increases [2] . research showed that graimbers per row and grain numbers per maize
of genotype ksc 704 significantly affected by niga and drought tension, that drought tension
reduced grain numbers per maize and grain umbersope but increased nitrogen uptake
improved these at the stage of and filling graieduces final grain weight consequently
thousand grains weight [27]. Drought tension affébe biological performance of the plant so
that water deficiency reduces the biological weighthe plant. This is confirmed by Boyer's
research (1997). Researchers suggested that umgleesd conditions, the harvest index
significantly affected by drought tension, but agen had no significant effect on this index [6].
Shirinzadeh (2004), in contrast to wastigit (19940 suggested that harvest index is constant
under tension and drought condition, stated gra&riopmance and biomass decrease, harvest
index should be reduced. One of the adaptationegs®s used by maize plant under drought
conditions is reduction of leaf area in order tduee perspiration [31] in general, drought plants
and grains [9]. Investigators believe that althodgyness has a negative effect on performance
and performance components, water deficiency sipe@h production and granulation stages
increases protein percentage [14] . calcium defayanay reduce merystem tissues, deform the
leaves and chlorize young leaves [28] . studiesvghat treting maize grains whith 15-20 mmol
ca. solution improve heat — tolerance of maize go®23] . other studies suggest that ca.
loading in root cells over-stimulates oxygen andases it under drought tension [29].

MATERIALS AND METHODS

In order to examine the effectiveness of usingara.quantitative characteristics of maize of
genotype ksc 704 under dryness condition at atnespbondition of Varamin, a study was
conducted as split plots according to complete sarided blocks design in triplicates and 12
treatments at field located in Kamarbandi, Varanmrg009.

The location characteristics were as follows. Eastengitude of 39' and 51°, and northern the
treatments included four irrigation levels at mplots as follows :

1. Conventional irrigation

2. Discontinued irrigation at 7-9 leaves stage fod12

3. Discontinued irrigation at 7-9 leaves for 20 d.

4. Discontinued irrigation at 7-9 leaves til leavelimg and included three levels of fertilizer coiniag
ca.as:

1- Spraying pure water

2- Spraying 4% ca.
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3- Spraying 8% ca. at minor plots.

The required fertilizer applied according to theammended soil test including 300kg/ha urea,
60 kg/ha super triple phosphate, and 120 kg/haspua sulphate where all fertilizers, but urea
applied at plowing.

One — third of nitrogen fertilizer used at plantiaugd the remaining applied with first and second
spraying at early stem — forming and floweringshbuld be noted that ca. was of the fertilizer
source was performed evenly by a back — sprayealat days. Conventional irrigation was
performed for the plots. At the growth period, neggbractices include weeding at three stages
by hand and removing weed between replicates byiaator were performed.

Leave area index measured by leaf area Meter.

Following each tension step, cell membrane stgbwds measured through making a diskette of
leaves of each treatment, then placing it in distilwater for 8h and measuring Ec of the
remained solution.

To determine the relative water content in leavemplete irrigation stages, the temporary and
complete wilt ness points, 3 leaves were cut othilgbest leaves of each bush at 11.30 AM and
then a circular disk was removed from these leanelsmeasured (fresh weight ) immediately by
an accurate weight (gram thousandth), then the lesmpere put in distilled water to swell
completely. Having removed from distilled watere tburface of the samples was dried and then
they were weighed.

They samples were placed in aluminum containeasinven (dryer) at 104°c for 8 h. to measure
their dry weight. At the end, relative water contéRWC) and water saturation deficiency
(WSD) were measured using these formulae [4] :

_ Fw-Dw

_Tw-Fw
Tw-Dw

Rwc =
Tw—Dw

100 Wsd

Fw = fresh weight
Dw = dry weight
Tw = turgidity weight

Finally, before harvesting, considering the eliniima of marginal effects in all treatments in
triplicates, performance components include bushbers per m) maize numbers per bush,
row numbers, and grain numbers per row were medsgrep harvesting performed at 6000
mmz2, and grain performance was measured after tii&tume of grains reached 14%.

Thousand grains weight determined following enuni@na Biological performance was
measured through adding aerial part faction anth grarformance (14% moisture) and harvest
index was calculated through (biological functieconomic performance) *100.

The samples, then, transferred to laboratory terdehe oil percentage using succulence method
[1] and protein percentage through Kjeldal method.

Measuring ca. percentage was done with the helpmast oxidation and use of three acids
mixture (perchtoric, sulfuric, nitric).
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For measuring purloin, 0.5g leaf materials was edus 5ml 95% ethanol, the top part of the
solution was removed, its precipitate rewashed @ &thanol and its surface was added to the
previous part. The obtained solution centrifuge@8d0 rpm for 10 min.

The top part of the solution was removed and statetic before determining purloin [21].

At the end, the obtained data generalized to h&ect@arance analysis was performed using done
using multi-range Duncan test at 5 and 1%.

RESULTS AND DISCUSSION

Height of bush

Table 1 shows that the simple effect of irrigatiamd using fertilizer containing ca. and the
mutual effects of the factors were significant &.1Table 2 shows that the highest bush,
218.6cm was obtained through conventional irrigatrchich was at the top of the table with
treatment a2. The lowest bush, 143.6cm, obtained) uiscontinued irrigation treatment at 7-9
leaves stage to leaf rolling. Applying ca. showée thighest and the lowest bush height.

Respectively, at 197.75 cm with b3 and 165.5 crh \it.

Table 1 : Variance analysis of bush height, chlordpyll content, leaf area index, relative water corgnt, and
water saturation deficiency affected by irrigation.

- Freedom . Leaf area Chlorophyli Relative Water saturation
Variation resources Bush height ; e
degree index content water content deficiency
Replicate 2 14/28* 2/35 ns 0/000411 ns 165/41* 170/32*
Irrigation 3 184/42 ** 72/83 ** 0/00496 ** 1845/60 ** 945/44**
A error 6 39/99 13/13 0/000725 111/49 69/68
Ca. spraying 2 21/82 * 1/48 ns 0/00131* 99/45* 109/85*
Ca. *irrigation A*B 6 200/42 ** 104/84 ** 0/00918 ** 2503/04** 1004/45%*
B error 16 19/40 7/77 0/00483 39/49 75/79
Ccv 12/21 7/91 11/45 10/05 8/87
Ns: no significant difference *and** : difference 5% and 1%
Table 2 : mean comparison of mutual effects of sintp treatment and ca. fertilizer on bush height,
chlorophyll content, leaf area index, relative watecontent, water saturation deficiency.
. Leaf Chlorophyll Relative water| Water saturation
Treatment Bush height (cm) area V 0 defici o
index content (mg/g) content (%) eficiency(%)
Conventional irrigation 218/6 a 6/18a 40/3 a 92 a 8d
Discontinued irrigation at 7-9
leaves stage to 12d 200/3 a 6/15 a 39/7 a 73/63 b 26/37 c
Discontinued irrigation at 7-9
leaves stage to 20d 167 b 4/88 b 32/6 b 53/96 c 46/04 b
Discontinued irrigation at 7-9
leaves stage to leaf rolling 143/6 c 3/82 ¢ 203 ¢ 34/13 d 65/87 a
Pure water spraying 165/5 b 5/14 b 30/35 b 58/55 b 41/45a
4% ca. spraying 184 ab 5127 a 34a 63/9 b 36/1a
8% ca. spraying 197/75a 5/35a 35/35 a 76/85 a 23/15 b

Means with the same letter in each column havestadistically significant difference
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Table 3: mean comparison of mutual effects of irrigtion treatment and ca. fertilizer on bush height,
chlorophyll content, leaf area index, relative watecontent, water saturation deficiency.

Treatment _Bush Lgaf area Chlorophyli Relative water Wat(_er_ saturation
height (cm)| index content (mg/g) content (%) deficiency(%)

VC\:/g?evrentional irrigation *pure b204 a6/13 b37/8 a88/6 gl1/4
(I:chontinued irrigation * 4% ab220 a6/17 ab40/8 a92/4 gh7/6
(I:chontinued irrigation * 8% a232 a6/24 ad2/3 a95 hs

?;Sdioggrneu\?\,itigrigation to c176 a6/11 b37/5 b70/4 €29/6
Discortinued lrrigation to b201 a6/14 ah39/9 b73/2 ef26/8
?;sdiogot/iong:.d irrigation to a224 26/19 adl/s b77/3 f22/7
%Saiogggu\?v‘;ti;igaﬁon to dis4 | boa/72 d28/9 D47 cs3

O ued irfigation to cd168 | boa/o1 bc34/6 cdss/3 d44/7
%Sdi"g(}/ior‘g:fj irrigation to c179 bs/01 3412 59/6 d40/4
gﬁi%%nfgmidv\gtig?tion toleafl  oppg boa/72 f17/2 e28/2 a1/
rDoilsl,i(;]c:gnii;o/uoe((:jai.rrigation to leaf d147 3/87 €20/7 e34/7 b65/3
rDOiﬁi%(;nigltylieéjai.rrigation to leaf d156 3/98 23/1 de39/5 b60/5

Means with the same letter in each column havestadistically significant difference

Table 3 showed that the highest bush, 232cm olatairseng conventional irrigation and ca.
fertilizer which is 54.1% higher compared to distbomed irrigation to leaf rolling and pure
water spraying at 128 cm. because elemental cal@sumot movable, plants are exposed to ca.
deficiency at rapid growth stage which resultsonw plants requiring ca. [28].

Leaf area index

Table 1,2 and 3 showed that simple effects ofatran treatment and mutual effects of irrigation
and ca. spraying had statistically significantelifinces. Although ca. spraying slightly changed
leaf area index, but simple effects of ca. sprayindeaf area index were not significant and all
three treatment placed in the same statisticas {table 1).

The obtained data show that discontinued irrigatibi@-9 leaves stage to leaf rolling decreased
leaf area index from 6.18 to 3.82 in discontinuejation treatment at 7-9 leaves stage to leaf
rolling.

It should be noted that treatment a2 and convealtiongation treatment were assigned the same
statistical class (table 2).

The mutual effects of these two factors had molecebn the leaf area index as the highest leaf
area index at 6.24 obtained through treatment ahbd34b2 at 3.87 was assigned the last one.

Boyer (1997) suggests that under dryness or disuged irrigation conditions, leaf area index is
not affected by tension factor and it does not melzdinge. While pander et.al. (2000) state that
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under drought condition maize reduces its leaf éwedecrease perspiration there by optimizes
water and nutrients [34].

Chlorophyll content
Tables 1, 2 and 3 show that simple effects of atran and ca. treatments and their mutual
effects on chlorophyll content were significantL&s.

Data showed that conventional irrigation treatmemnged chlorophyll content of leaves by
49.3% compared to discontinued irrigation to ledlimg stage — which reached 20.3 mg/g fresh
leaf by a4 from 40-3 mg/g fresh leaf by conventldrégation treatment to 12d also resulted in
the highest leaf area index. Simple effects offedilizer treatment showed that the highest
amount of chlorophyll in leaves obtained using 8&b spraying at 35.35mg/g which had no
significant difference b2 and both were placedhe first statistical class of mean comparison
table. Pure water spraying at 30-35 fresh leaf isgfgved the lowest content.

Mutual effects of tested factors showed that chgbgdl content of leaves from 42-3 mg/g
through conventional irrigation and 8% ca. sprayinogl7.2 mg/g by discontinued irrigation
treatment at 7-9 leaves to leaf rolling stage ame pvater spraying. Under sever tensions, in is
spite of increased specific weight, more chloropligstroyed. [26,15] which results in more
chlorophyll losses that is in agreement with theaoted results in this study.

Relative water content of leaves:

Table 1,2 and 3 showed that simple effects ofatran and ca. fertilizer and the mutual effects
of the factors affected the relative water contend the differences were significant at 1%.

Conventional irrigation treatment produced the biglrelative water content of leaves at 92%,
while through discontinued irrigation treatment7a® leaves stage to leaf rolling it was 34-13.
Ca. fertilizer treatment also slightly increasethtige water content. The highest amount of
relative water content obtained through ca. feeilitreatment at 76.85 and the lowest one
resulted from pure water irrigation treatment at558 Mutual effects of double factors, ca.

fertilizer and irrigation were significant at 1%.

The highest amount of relative water content olethiusing alb3 at 95% which had no
significant differences from albl, and alb2 andhabe treatment assigned the some statistical
class A.

The lowest amount resulted from a4b1l at 28.2% wivah at the same level with a4b2. Drought
tension reduces relative water content and osnpatiential of leaf cells (i.e. increased soluble
matter concentration) so cell tumescence and teesppation and growth will be reduced [25].

Also there was a positive correlation between redunoisture of soil and relative water content
of leaves [13].

Water saturation deficiency of leaves:

Table 1, 2 and 3 showed that simple effects ajatron and ca. fertilizer and their mutual effects
affected water saturation deficiency of leaves &mel differences were significant at 1%.
Discontinued irrigation treatment at 7-9 leavesldaf rolling stage resulted in the highest
percentage of water saturation deficiency of leawelile through conventional irrigation
treatment it was 8% ca. fertilizer treatment alkghtly changed water saturation deficiency of
leaves. The lowest percentage of relative watertectinobtained through 8% ca. spraying
treatment at 23.15 and the highest on resulted fvare water spraying at 41.45% which were
placed with b2 in the same class.
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Mutual effects of double factors, ca. fertilizerdanrigation treatment on water saturation
deficiency were significant at 1%. The highest patage of water saturation deficiency of
leaves obtained through discontinued irrigatioatireent at 7-9 leaves to leaf rolling stage and
pure water treatment at 71.8% and the lowest antegsfrom conventional and 8% ca. spraying
at 5%.

Corn numbers per bush:

Data (tables 4, 5, 6) showed that simple effectgrafation and mutual effects of the double
factors, irrigation and ca. fertilizer, were sigoant at 1%. Drought tension at growth stage to
leaf rolling stage reduced corn numbers per bugirn @umbers per bush in this treatment
reached by 1.3 which was not significantly diffdrérom a3 and both were assigned the last
rank. The highest number of corn per bush resuhsaligh conventional irrigation treatment at
2.63 which had no significant difference till 12adaboth were assigned the first statistical class.

Table 4: variance analysis of corn numbers per buslrow numbers per corn, grain numbers per row,
thousand grains weight affected by irrigation and a. fertilizer treatments.

Variation Freedom Corn numbers per Row numbers per  Grain numbers | Thousand grains
resources degree bush corn per row weight
Replicate 2 0/041 ns 1/42 ns 9/94 ns 0/045 ns
Irrigation 3 10/42 * 6/25%* 88/49 ** 0/89%*
A error 6 320 0/97 20/82 0/029
Ca. spraying 2 1/08 ns 0/87 ns 17/79* 0/065 ns
P
ca. A'rfgat'on 6 22/84 *+ 18/41 ** 101/88 ** 0/42 %+
B error 16 321 0/60 14/40 0/031
CcVv 6/20 5/85 14/42 6/18

Ns: no significant differences *and**differencel® and 5%

Tale 5 : mean comparison of simple effects of irrigtion and ca. fertilizer treatments on corn numberser
bush, row numbers per corn, grain numbers per rowthousand grains weight.

Corn numbers Row umbers Grain numbers Thousand grains
Treatment .

per bush per row per row weight(g)
Conventional irrigation 2/63 a 15/1 a 22/5 a 279/5 a
Discontinued irrigation at 7-9 leaves
stage to 12d 2/47 a 14/9 a 212 a 272/5 a
Discontinued irrigation at 7-9 leaves
stage to 20d 1/52b 13/1 b 17/1 b 236/9 b
Discontinued irrigation at 7-9 leaves
stage to leaf rolling 1/3b 11c 14/5 ¢ 182/8 ¢
Pure water spraying 1/8 a 12/8 a 16/4 b 237/5 b
4% ca. spraying 2a 13/7 a 19/2 a 247/3 a
8% ca. spraying 2/12 a 14/1 a 20/8 a 244/5 a

Means with the same letter in each column havestatically significant difference

Ca. fertilizer treatment caused no significant denin corn numbers per bush, although
fertilizer containing. Slightly increased corn nuend per bush, but the differences were not
statistically significant.

Mutual effects of irrigation and ca. fertilizer &tenents caused significant changes in corn
numbers per bush at 1%. The highest numbers of permush obtained through conventional
irrigation and 4% ca. fertilizer (alb2) at 2.8 whiassigned rank A and the lowest one was
related to discontinued irrigation to leaf rolliaage and pure water (a4bl) at 1.1.
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Tale 6 : mean comparison of mutual effects of irrigtion and ca. fertilizer treatments on corn numberger
bush, row numbers per corn, grain numbers per rowand thousand grains weight.

Corn numbers pef Row numbers Grain numbers Thousand grains
Treatment :
bush per row per row weight(g)
Conventional irrigation *pure water 2/4a 14/2 b 19/9 bc 275/2 ab
Discontinued irrigation * 4% ca. 2/8 a 15/3 ab 22/8 ab 283/6 a
Discontinued irrigation * 8% ca. 2/7a 15/8 a 24/7 a 280/9 ab
- - = -
Discontinued irrigation to 12d* pure 233 a 14b 18/4 c 268/6 b
water
- - — —
E;scontlnued irrigation to 12d* 4% 25 a 15/2 ab 21/7b 275/8 ab
- - — ——y
E;scontlnued irrigation to 12d* 8% 2/6 a 15/5 ab 23/4 ab 274/3 ab
- - — "
vl?lgtzcintlnued irrigation to 20d* pure 1/37 be 12/7 be 15/1 d 230/4 ¢
- - — —
E;scontlnued irrigation to 20d* 4% 1/51 be 132b 17/4 cd 241/6 ¢
. - — ——y
(I?;scontlnued irrigation to 20d* 8% 17b 13/6 b 18/9 ¢ 238/7 ¢
Discontinued irrigation to leaf rolling
* pure water 1lc 10/4 c 12/3 e 176 d
Discontinued irrigation to leaf rolling
% 4% ca. 1/3 bc 11c 14/9d 188/1d
Discontinued irrigation to leaf rolling
< 8% ca 1/5bc 11/6 c 16/2d 184/2 d

Means with the same letter in each column havestatically significant difference

Grain numbers per row:

Tables 4, 5 and 6 showed that simple effects wfation and mutual effects of irrigation and ca.
fertilizer were significant at 1%. Drought tensiahgrowth stage to leaf rolling reduced grain
numbers per row, so that it reduced from 22.5 bwveational treatment to 14.5 with
discontinued irrigation at 7-9 leaves to leaf rajlistage.

Ca. fertilizer treatment caused significant changegrain umbers per row and it increased grain
numbers per row and the differences were statilstisgnificant at 5%.

The highest numbers of grain per row resulted fB¥nca. spraying treatment averaged at 20.8
which was 21.1% higher compared to the last treatrfprire water spraying).

Mutual effects of irrigation and ca. fertilizer &tenents caused 502% change in grain numbers
per row. The highest grain numbers per row obtathealigh conventional irrigation and 8% ca.
fertilizer treatment (alb3) at 24.7 and the lowest resulted from discontinued irrigation to leaf
rolling stage and pure water (a4bl) at 12.3. Rekesihowed that grain numbers per row and
grain numbers per corn of genotype Ksc704 sigmtigaaffected by nitrogen and drought
tension which the tension reduced grain numberscpan and grain numbers per row while
increasing nitrogen resulted in the improved qiesif6, 11].

Row numbers per corn:

Data (tables 4, 5, 6) shows that the differencesiraple effects of irrigation and mutual effects
of irrigation and ca. fertilizer treatments arernsiigant at 1%. The highest number of row per
corn was related to conventional irrigation at Mtiich were in.
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Statistical class A of mean comparison table alwity discontinued irrigation treatment. The
lowest number of 11 resulted from discontinuedyation treatment to leaf rolling stage placed
in rank C which showed 27.1% reduction comparetiédirst rank.

Thousand grains weight:

Table 4, 5, 6 showed that the highest thousandhgnaeight produced through conventional
irrigation at 279.5 which was not significantly féifent from discontinued irrigation treatment at
7-9 leaves stage for 12 d and both assigned the s#atistical class. The lowest weight was
related to discontinued irrigation treatment thioleggf rolling at 182.8.

Ca. fertilizer treatment also affect thousand graueight reduced it from 247.3 g using 4% ca.
spraying treatment to 237.5g by pure water spraying

Mutual effects of irrigation and ca. fertilizer &tenents on thousand grains weight were
significant.

The highest weight obtained through alb2 at 283rG&Hthe lowest one produced using a4bl at
1769 which assigned rank D that showed 37.9% remlucompared to rank A. The results of a
study showed that water deficiency shortens thegesf grain filling but it has no effect on
accumulating dry matter in endosperm and embry¢. [86this time, drought tensions reduces
photo synthetic of the leaves or transporting odtphsynthetic matters, thus the grain weight
affected by the tension and will be reduced. Wadtficiency causes wildness, prevents from
grain development and reduces thousand grains W@&Qgh

Grain performance:
Tables 7.8 and 9 suggest that simple and mutuattsfof irrigation and ca. fertilizer treatments
on grain performance were significant and the diifiees were statistically significant at 1%.

Table 7: Variance analysis of grain performance, lmlogical performance and harvest index affected by
irrigation and ca. fertilizer treatments.

Variation resources Freedom Grain performance Biological performance _Harvest
degree (kg/ha) (kg/ha) index(%)
Replicate 2 631/22 * 1445/3 * 6/62 ns
Irrigation 3 144685/2** 29282079/1** 47/59*
A error 6 302/21 8641/5 6/80
Ca. spraying 2 652192/6** 87451/9* 8/40 ns
Fertilizer *irrigation A*B 6 7906521/1** 35407590/8** 39/83**
B error 16 449/35 10145/3 3/49
Ccv 14/89 15/98 13/35

Ns: no significant differences *and** : differencas1% and 5%

Tale 8 : mean comparison of simple effects of irrigtion and ca. fertilizer treatments on grain perfom,
biological performance and harvest index.

Treatment Grain performancg Biological performance Harvest index
(kg/ha) (kg/ha) (%)
Conventional irrigation 12763/8 a 24581/2 a 51/7 a
Discontinued irrigation at 7-9 leaves stage to 12d 12228/3 a 23658/8 a 51/5a
Discontinued irrigation at 7-9 leaves stage to 20d 5156/2 b 10123/5 b 51/2 a
Discontinued irrigation at 7-9 leaves stage to leafing 2420/1 ¢ 5296/4 c 45/8 b
Pure water spraying 6361/8 c 12856/5 b 49/6 a
4% ca. spraying 7969 b 16638/5 a 50/1 a
8% ca. spraying 9459 a 18300 a 50/5 a

Means with the same letter in each column havestatically significant difference
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Tale 9 : mean comparison of mutual effects of irrigtion and ca. fertilizer treatments on grain perfom,
biological performance and harvest index.

Treatment Grain performance Biological performance Harvest

(kg/ha) (kg/ha) index(%)
Conventional irrigation *pure water 10167/1 c 20857/2 bc 48/8 c
Discontinued irrigation * 4% ca. 13657/4 ab 25654/6 ab 53/2 a
Discontinued irrigation * 8% ca. 14467/1 a 27231/8 a 53/1 a

Discontinued irrigation to 12d* pure water 9797/5 c 19565/2 c 50 c

Discontinued irrigation to 12d* 4% ca. 12988/7 b 24922/3 b 52/1 ab
Discontinued irrigation to 12d* 8% ca. 13898/6 ab 26489/1 ab 52/5 ab
Discontinued irrigation to 20d* pure water 3854 f 7346/1 f 52/5 ab
Discontinued irrigation to 20d* 4% ca. 52302 e 10139/4 e 51/6 b
Discontinued irrigation to 20d* 8% ca. 6384/3 d 12885 d 49/5c
Discontinued irrigation to leaf rolling * pure wate 1628/5 g 3457/2 g 47/1d
Discontinued irrigation to leaf rolling * 4% ca. 2546/1 g 5838 f 43/6 e
Discontinued irrigation to leaf rolling * 8% ca 3085/8 fg 6594 f 46/8 d

Means with the same letter in each column havestatically significant difference

The highest grain performance related to conveatiamigation averaged at 12763.8 kg/ha
which was not significantly different from discamtied irrigation treatment at 7-9 leaves stage
for 12 d and both assigned rank A. the lowest dotained through discontinued irrigation to

leaf rolling reduced to 2420.1 equivalent to a 8&%#uction.

Simple effects of Ca. fertilizer on grain performanwere also significant. The highest grain
performance produced by 8% Ca. spraying at 9458akghd the lowest on resulted from pure
water spraying averaged at 6361.8 kg/ha.

Mutual effects of the tested factors on grain penfince were significant so that the highest
grain performance obtained using conventionalatian and 8% Ca. spraying (alb3) at 14467.1
kg/ha which showed a 88.7% increase compared téathigank of the mean comparison table
(a4bl) at 1628.5 kg/ha suggesting the importanceatfium under drought stress for grain

performance. Some researchers have focused on lensater at corn growth stage and

suggested that although drought tension at grotaipesand before pollination had less effect on
the final performance compared to flowering andrgfiling stages but it is of great importance

because it affect leat and stem development anajehthe accumulation of matters [30].

Biological performance:
Date (tables 7,8 and 9) suggest that biologicdbpmance also affected by the two tested factors
and the differences were significant at 1%.

The highest biological performance resulted fromvemtional irrigation treatment at 24581.2
kg/ha assigned the same statistical class alon@pia2ontinued irrigation to leaf rolling stage
produced the lowest performance at 5296.4 kg/h.

Ca. fertilizer treatment caused a 29.75% increadadlogical performance which increased to
18300 kg/ha by 8% Ca. spraying water spraying.

Mutual effects of the two factors on biological fmemance were significant.

The highest biological performance results fromvesrional irrigation and 8% Ca. spraying
treatments at 272318.8 kg/ha. Treatment a4bl peattice lowest amount at 3457.2 kg/ha.
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Sever drought reduction of g@absorption and dry matter production (Hsiao, 20@pught
tension affects biological performance resultseduced biological weight. This is supported by
Boyer (1997) research.

Harvest index:

As shown in tables 7,8 and 9, simple effect ofation and mutual effect of the tested factors
were significant and the differences were significat 1%, while fertilizer treatment had no

effect on harvest index, the difference were natisically significant and all three treatment

assigned rank A.

The highest harvest index was result of conventimngation at 51.7% which had no significant
different from a2 a3 and both placed in rank A. Témest on obtained through discontinued
irrigation to leaf rolling at 45.8%.

The highest harvest index produced by conventionigation and 4% Ca. spraying at 53.2%
which had no significant different from 8% Ca. gpng and both assigned the first statistical
class. The lowest one was obtained through diswoed irrigation at 7-9 leaves to leaf roling
and 4% Ca. spraying at 43.6. Researchers statedritlar drought conditions harvest index was
significantly affected by drought tension [6]. WehiRahnama et. Al. (2004) believe that drought
tension has no significant effect on harvest indek merryland studies showed that dryness at
different weight and changed dry weight of the steecause of the effect of photosynthesis
tension and dry matter accumulation in the plant.

Oil percentage:

Tables 10,11 and 12 showed that simple effectsrigition and mutual effects of Ca. fertilizer
and irrigation were significant at 5%, while Cartifezer treatment had no significant effect on
oil percentage and all treatments assigned the statistical class.

Mutual effect of the factors showed that the highek percentage obtained through alb3 at
7.1% which had no significant difference from alblb2, a2b2, a2b3 and all treatments were
assigned class A. The lowest amount obtained udispntinued irrigation to leaf rolling and

pure water spraying at 4.81%. Generally droughsitenreduces oil amount in all plant species

[9].

Table 10: Variance analysis of oil percentage, gilerformance, protein percentage and protein performrance,
prolin content of leaf and Ca. content of grains

- (o] (0] Protein Protein Prolin Ca.
Variation Freedom
[ESOUICES degree percentage| performance | percentage | performance content content
(%) (kg/ha) (%) (kg/ha) (nmol/gr) (ppm)
Replicate 2 0/0042 ns 60/2 ns 0/066 ns 106/42 ns 0/0086 ns 1/06 ns
Irrigation 3 0/079 * 285/42 ** 0/0062 ns 1045/39 ** 0/46** 3/35*
A error 6 0/0080 22/11 0/027 111/17 0/036 0/049
Ca. spraying 2 0/049 ns 101/40 * 0/021 ns 201/41 * 0/490* 8/49 *
Fertilizer
*irrigation 6 0/090* 308/42 ** 0/044 ns 1583/31%* 1/35** 15/39 **
A*B
B error 16 0/0041 1721 0/009 85/84 0/099 0/030
Ccv 4/46 7/29 4/72 6/18 6/92 9/83
Ns: no significant differences *and** : differencas1% and 5%
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Tale 11 : mean comparison of simple effects of igation and ca. fertilizer treatments on oil percerage, oil
performance, protein percentage and protein perforrance, prolin content of leaf and Ca. content of giias .

oil Oil . Protein Prolin Ca.
L Freedom Protein
Variation resources dearee percentage| performance ercentage(%) performance content content
9 (%) (kgha) | P 9 (kg/ha) (umoligr) | (ppm)

Conventional irrigation 6/9 a 883/7 a 9/02 a 1154/4 a 0/221 c 376 a 6/9 a
Discontinued irrigation
at 7-9 leaves stage to 6/86 a 841/9 a 9/11 a 1116/3 a 0/157 c 367/6a 6/86 a
12d
Discontinued irrigation
at 7-9 leaves stage to 5/09 b 366b 9/21 a 477/3 b 0/448 b 355 ab 5/09 b
20d
Discontinued irrigation
at 7-9 leaves stage to 4/9 b 119/2 c 9/28 a 225/7 ¢ 0/726 a 328 b 4/9 b
leaf rolling
Pure water spraying 5/76 a 398/3 b 8/92 a 565/7 b 0/432 a 339/5b 5/76 a
4% ca. spraying 5/97 a 559/9 ab 9/26 a 791/6 a 0/366 ab 358 ab 5/97 a
8% ca. spraying 6/08 a 623 a 9/3 a 873 a 0/308 b 377 a 6/08 a

Means with the same letter in each column havestatically significant difference

Table 12: Mutual effect of irrigation and Ca. fertilizer treatments on oil percentage, oil performancgprotein
percentage, protein performance, prolin content, Cacontent

Qil . Protein Protein . Ca.
Oil performance Prolin content
Treatment percentage (kg/ha) percentage performance (umoligr) content
(%) 9 (%) (kg/ha) Hmovd (ppm)
Conventional irrigation x
pure water 6/65 a 676/1b 8/83a 897/8 b 0/147 ig 364 bc
Conventional Imgation X/ /94a 947/8a 9/1a 1243 a 0/118 g 382ab
CO”"e”‘g?,zaég”ga“O” ' a 1027/2a 9/14 a 1322/3a 0/101 g 400 a
Discontinued irrifation to
12 d x pure water 6/59a 645/6b 8/92 a 874 b 0/197 f 350 bc
Discontinued irrifation to
12 d x 4% Ca. 6/92a 898/8a 9/21 a 1196/3 a 0/152 g 368 b
Discontinued irrifation to
12 d x 8% Ca. 7/06a 981/2a 9/2 a 1278/7 a 0/124 g 385 ab
Discontinued irrifation to
20 d x pure water 5/02b 193/5cd 8/93 a 344/2 d 0/517d 336¢
Discontinued irrifation to
20 d x 4% Ca. 5/11b 267/3c 9/32 a 487/5 cd 0/432 e 353 bc
Discontinued irrifation to
20 d x 8% Ca. 5/16b 329/5¢ 9/4 a 600/1 c 0/397 ef 376 ab
Discontinued irrifation to
leaf rolling x pure water 4/81b 78/3e 9a 146/5 e 0/867 a 308 c
Discontinued irrifation to
leaf rolling x 4% Ca. 4/93b 12/5de 9/41a 239/5 de 0/701 b 329c
Discontinued irrifation to
leaf rolling x 8% Ca. 4/98b 153/7cd 9/43 a 291 de 0/611 c 347 bc

Means with the same letter in each column havestaistically .

significant difference Kajdi and Pocsia (1999) sgjghat the stress results from drought tension
on maize in the main reason of oil percentage remlucn this plant. According to Francois
(1994), oil percentage under irrigation conditidos 3 y reached 6.5%, while Nelson (2003)
reported oil percentage of corn genotypes in clonawnder drought tension at grain filling stage
at 5.2 — 4.5%.
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Oil performance:

As showen in tables 10,11 and 12, simple effectsriglation and Ca. fertilizer and the mutual

effects of the double factors were significant . I'he highest oil performance was obtained
through conventional irrigation at 883.7 kg/ha whiwere placed in the first statistical class
along with a2. The lowest one produced by discomthirrigation.

8% Ca. spraying treatment produced the highespeaitentage at 623 kg/ha and pure water
spraying treatment showed the lowest one at 398.3.

Mutual effect of the tested factors on oil perfono@ were significant. The highest performance
obtained through conventional irrigation and Caagimg at 1027.2 kg/ha which showed a 92%
increase compared to discontinued irrigation té teking and pure water spraying averaged at
78.3 kg/ha. Considering the obtained results iukhde noted that oil performance was more
affected by drought tension than Ca. spraying.

Protein percentage:

Tables 10, 11 and 12 showed that simple effectaightion and Ca. spraying and their mutual
effect on protein percentage were not significatihough there were slight difference, but they
were not statistically significant and all of themssigned class A. researchers believe that
although dryness has a negative effect on perforenand performance components, water
deficiency particularly at production and granuwatstage increases protein percentage [14].

Protein performance:

The results (tables 10, 11, 12) showed that sireffiects of irrigation and Ca. fertilizer and
mutual effects of the tested factors on proteirfquarance were significant at 1%. The highest
protein performance results from conventional atign at 1154.4 kg/ha and assigned the same
statistical class along with discontinued irrigatito 12 d which showed a 80.4% increase
compared to discontinued irrigation to leaf rolliaig225.7 kg/ha.

8% Ca. spraying produced the highest protein pedoce at 873 kg/ha and pure spraying
resulted in the lowest one at 565.7.

Mutual effects of the double factors on proteinfpenance were significant. The highest protein
performance obtained from conventional irrigatiod 8% Ca. spraying at 1322.3 kg/ha which
had no significant difference from a2b2, alb2, aah8 all of them assigned the statistical class
A. the lowest performance resulted from discontthireégation to leaf rolling and pure water
spraying at 146.5 kg/ha which placed in rank Emshg a 89% reduction compared to 89%.

Because grain performance follows a declining trender drought tension, protein performance
reduced [5].

Prolin content of leaf:

The results showed that simple effects of Ca.lisgti and irrigation treatments and their mutual
effects on prolin content were significant and thigerence were statistically significant at 1%
(table 10, 11, 12)

Irrigation treatment caused a significant differdmt prolin content of leaves. The highest prolin
content produced by discontinued irrigation to lealfing at 0.72ug/g and the lowest one
obtained through conventional irrigation at 0.12fg. water deficiency increases prolin content
by 10-200 times [4]. Drought tension increasesiprobntent simultaneously [10] and prolin
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accumulation may increase by 50 to 150 times. Itapoe of prolin accumulation in the plant
under drought tension caused many conflicting disicns [4,10].

Ca. content of grain:
The results suggested that simple effects of GéliZer and irrigation and their mutual effects
were significant and the differences were statiflifcsignificant at 1% (tables 10,11,12).

Irrigation treatment reduced Ca. content from 3p6ghrough conventional to 328 ppm using

discontinued irrigation to leaf rolling. While Cspraying increased Ca. content of grain from

339.5 ppm by pure water spraying to 377 ppm usikgG spraying mutual effect of the tested

factors increased Ca. content of grain from 308 piging a4bl to 400 ppm through alb3 which

is notable. Ca. deficiency may reduce merystenugisgrowth, change leaf shapes, and chlorize
young leaves [28]. In this study, Ca. spraying itemseduced it.

Mutual effects off drought tension and Ca. spraysnggest the importance of Ca. spraying for
increasing Ca. content in the plants.
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