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ABSTRACT

Two field experiments were carried out at the Agricultural Experimental
Station of National Research Centre, at Shalakan, Kalubia Govemorate during
2000/2001 and 2001/2002 seasons to study the effect of water stress (missing one
irrigation at tillering, heading and milk-ripe stage) and paclobutrazol concentrations (0,
25, 50 and 100 ppm) on growth, yield and its afttributes as well as grain totai
carbohydrates of wheat (Sakha 69 cv.). The results revealed that missing one
irrigation at any of the three studied stages significantly reduced growth parameters
and yield characters as well as the percentage of total carbohydrate and total
carbohydrates yield as compared with the control plants (irrigation every 30 days).

The depressing effects of soil moisture stress were comparatively, high at
tillering, intermediate at heading and low at milk-ripe stage. On the cther hand,
increasing the concentration of paclobutrazol up to 50 ppm - significantly increased the
aforementioned parameters as compared to the untreated plants. Increasing the
concentrations of paclobutrazol up to 50 ppm increased weight of grain per plant,
straw and biological yields per feddan and total carbohydrate percentage under the
different irrigation treatments. The results suggested that irrigation every 30 days and
application of paclobutrazol concentration at 50 ppm could be recommended for
maximum yield of wheat plants under similar conditions.
Keywords: Water stress, Paclobutrazol, Wheat, Growth, Yield.

INTRODUCTION

Wheat (Triticum aestivum vuigare L.) is considered the main cereal
grain crop in the world as well as in Egypt. Therefore, increasing grains
production is considered one of the most important national aims in Egypt to
face the great demand of the highly increasing population . Additional data
(Mc Master et al 1994) demonstrated that water stress near jointing is a
critical limitation to final yield production by reducing the number of secondary
tiller spikes and later-appearing of primary tiller spikes. Further studies (Abo-
Shetaia & Abd El-Gawad, 1995; Sawires, 2000; Kandii et al 2001 and Kassab
et al 2004) revealed that skipping an irrigation either at tillering, heading, milk-
ripe or dough-ripe stage depressed all growth characters studied, yield and
yield attributes.

On the other hand, chemical plant growth reguiators are increasingly
being used tc manipulate piant growth and yield. Paclobutrazoi (PPa3;) is a
plant growth retardant and has been extensively used to reduce shoot
vegetative growth, increase the yield of many different crops and to improve
plant tolerance to water stress {Zhou & Xi, 1993; Wen xun ef al 1995 and Abo
El-Kheir ef af 2000).
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Therefore, the present study was undertaken to determine the efficiency of
paclobutrazol to overcome the harmful effects of water stress on growth, yield
and its attributes as well as grain total carbohydrate of wheat plants.

MATERIALS AND METHODS

Two field experiments were carried out during the two successive
seasons 2000/2001 and 2001/2002 at the Agricultural Experimental Station of
the National Research Centre at Shalakan, Kalubia Governorate, Egypt in
order to study the efficiency of paclobutrazol application on wheat plants
grown under moisture stress imposed at three reproductive stages.

The investigation included 16 treatments which are the combination
of four irrigation treatments and four paclobutrazo! concentrations. A split-plot
design with three replications was employed. The main plots were devoted to
irrigation treatment and the sub plois were assigned for paclobutrazol
concentrations.

Water stress treatments were imposed to the plants by missing one
irrigation at tillering, heading and milk-ripe stages which were corresponding
to 60, 90 and 120 days from sowing, respectively.

in both seasons, wheat plants of each water stress treatment were
sprayed till drip, twice at 55 and 85 days after sowing, with either tap water
(as control), or aqueous solution of paclobutrazol (25, 50 and 100 ppm).
Paciobutrazol (PP,3;) is a plant growth retardant and chemically known as
(ZRS, 3RS)-1- (4-Chlorophenyl}-4, 4-dimethyl 1-2 (1H-1, 2 4-triazol-1-y1)
pentan-3-01.

The experimental piot area was 10.5 m? (3.5 x 3.0 m). Plots were
isolated by borders of 1.5 m in width from all sides to avoid the effect of
lateral movement of irrigation water. The soil texture was clay ioam in both
seasons. Wheat grains (Triticum aestivum vulgare L) cv. Sakha 69 were
sown on November 19 and November 17 in the first and second season,
respectively. Phosphorus and potassium fertifizers were added to the soil
before sowing at the rate of 30 kg P,Osfed. in the form of calcium
superphosphate (15.5% P.0s) and 24 kg K,Of fed. in the form of potassium
sulphate (48% K:0). Ammonium nitrate (33.5% N) was applied at the rate of
60 kg Nffed. in two equal portions before the first and second irrigation.
Harvest date was 14" and 16" of May in the first and second season,
respectively. Representative plant sample was collected from three replicates
of each treatment after 137 days from planting and the following growth
characters were measured: Plant height, number of both tillers, leaves and
spikes per plant as well as root, stem, leaves, spikes and total dry matter per
plant. At harvesting the middie one meter square was harvested from three
replicates for each treatment for calculating grain weight per plant, 1000-grain
weight, grain, straw and biclogical yields per feddan. Moreover, a
representative samples were taken from three replicates to estimate grain
vield/plant. Total carbohydrate content in the harvested grains was
determined using the method adopted by Dubois et af (1956). The
carbohydrate yieldffed. was calculated by multiplying the percentage of each
constituent by grain yield / fed. The obtained data were subjected to the
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statistical analysis of variance described by Snedecor and Cochran (1980)
and the combined analysis of results of the two seasons were applied
according to the method adopted by Steel and Torrie (1960).

RESULTS AND DISCUSSION

1. Vegetative growth

Data presented in Table (1) show that exposing wheat piants to water
stress at each tillering, heading or milk ripe stages resulted in significant
reduction in plant height, number of tillers, leaves and spikes per plant as well
as the dry matter of root, stem, leaves, spikes and total per plant as
compared with control treatment (irrigation every 30 days). This was true
when one irrigation was skipped at each tillering, heading or milk-ripe stage.
However, the response of wheat plants to water stress was more pronounced
at tillering stage than the other two stages. The effect of water stress on cell
division and enlargement has been carefully discussed by Kramer and Boyer
{1995). These results are in agreement with those obtained by Abd El-Gawad
et al (1993a); Abo Shetaia & ABd El-Gawad (1995) and Kandil et af (2001}

Such depression may be attributed to the general retardation of the
enzymatic processes particularly those concerning with the reduction in
photosynthetic rates (Abd El-Gawad et al 1993a).

The obtained results reveal further that foliar application of
paclobutrazol significantly affected the vegetative growth ie. Plant height,
number of tillers, leaves and spikes per plant as well as the dry matter of root,
stem, leaves, spikes and total per plant. Increasing the concentration of
pacicbutrazol up to 50 ppm caused a significant increase in the
aforementioned parameters. Similar results were obtained by Zhou and Xi
(1993) on rape, Wen Xun et al (1995) on rice and Abo El-Kheir et al (2000)
on sunflower. .

The interaction effect between water stress and paclobutrazol
concentrations was significant for plant height, number of tillers, leaves and
spikes per plant as well as the dry matter of root, stem, leaves, spikes and
tota! per plant, it can be clearly noticed that increasing the concentration of
paclobutrazol up to 50 ppm( control treatment), increased the aforementioned
parameters as compared with the other treatments (Table, 1).

2- Yield, its attributes and grain total carbohydrate

Data shown in Table (2} elucidate that shortage of water at either
tillering, heading or milk ripe-stage caused a significant reduction in the
weight of grain per plant 1000-grain weight, grain, straw and biological yields
per feddan as well as total carbohydrate percentage and carbohydrate yield
per feddan as compared with well irrigated plants. This was true if one
irmgation was missed at each tillering, heading or milk-ripe stage. However,
the response of wheat plants to water stress was more pronounced at tillering
stage than the other two stages.

These results are in agreement with those obtained by Abd El-
Gawad et af {1993b); Abo-Shetaia & Abd Ei-Gawad (1895); Sawires (2000)
Kandil et al (2001) and Kassab et al (2004).
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Table {1): Effect of water stress, paclobutrazol and their interaction on growth characters of wheat plants at 137

days from sowing (combined analysis of 2000/2001 and 2001/2002 seasons),

Plant | No.of | No.of No. of Dry matter / plant
Treatments height | Tillers/ | Leaves/ | spikes/ | Root | Stem | Leaves | Spikes | Total
(cm) | plant plant plant ig)

Watar Unstressed (control) 12039 | 530 15.38 5.50 3.33 | 1061 | 447 7.25 25.68
Stress Missing one irrigation at tillering stage 104.25 | 3.42 12.08 3.47 2.11 7.36 222 3.50 15.18
{(WS) Missing one irrigation at heading stage 110.25 | 4.00 13.16 4.08 2.31 808 [ 294 4.38 17.72
Missing one irrigation at milk-ripe stage 114.47 | 4.19 14.05 4.50 2.75 9.39 3.42 5.47 21.02

L.S.D at 5% level for: WS 1.05 [ 016 0.17 0.42 024 | 031 0.11 0.24 0.37
Paclobutrazol |0 o 106.19 | 3.36 12.66 3.56 228 | 747 | 205 3.83 15.63
.concentrations |25 111.25 | 3.97 13.55 4.7 2.53 8.53 3.11 4.86 19.02
(PP} 50 118.86 | 539 15.00 5.58 3.16 10.89 4.61 6.80 25.47
100 113.03 | 4.18 13.47 4.25 253 | 855 | 3.28 511 19.47

L.S.D at 5% level for: PP 0.89 0.16 0.22 0.36 0.12 0.17 0.15 0.22 0.36
0 {11433 4.22 14.11 4.33 3.00 9.1 3 5.55 2077

Unstressed {(control) 25 111833 | 478 14.78 4.89 3.22 10.11 4.1 7.1 24 55

50 | 12878 7.1 17.66 7.33 400 | 13.00 | 633 9.1 32.44

— (160 [ 12041 ] 511 15.00 5.44 3.11 10.22 | 4.33 7.22 24.88

& 0 97.11 3.00 11.00 3.00 2.00 6.111 1.33 2.55 11.99

5 s one st t e sape [ 55 [1SSCT 900 | T2 set [ roo | 700 aze sz | s

E 100 | 10567 | 3.55 12.11 3.44 2.11 7.11 2.22 3.22 14.66

5 0 J10411 ] 3.00 12.33 311 2.00 6.55 1.78 3.11 13.44

§  [Mesing one imigaion at heacing stave 1S5 136 TS 0041|529 500 [ Toaz | 400 | 522 | Zaed

“2 100 {1 111.22 1 4.00 13.00 4.00 2.1 7.78 3.00 422 17.11

= 0 10922 3.22 13.22 3.78 2.11 a1 2.00 4.11 16.33
Missing one irrigation at  milk-ripe| 25 | 113.11 1 4.11 14.11 4.33 278 9.22 311 511 20.22

stage 50 | 12044 | 5.33 15.11 5.78 3.33 11.11 5.00 6.89 26.33

100 { 115111 4.11 13.78 4.11 2.78 8.1 3.55 578 21.22

L.S.D at 5% level for: WS x PP 1.78 | 0.32 0.44 0.73 0.24 0.35 0.31 0.45 0.72
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Table (2): Effect of water stress, paclobutrazol and their interaction on yield, its attributes and grain total
carhohydrates (%) of wheat (combined analysis of 2000/2001 and 2001/2002 seasons).

G881

Wt of 1000- Grain Straw |Biological |[Carbohydrate Total
Treatments '+ grains /plant | grain wt. | yield/ fed. { yieldifed. | yield fed, | yield /fed. | carbohydrate
{kg) {%)
Water Unstressed (control) 17 90 41.48 2383.08 | 3276.75 | 5659.83 1561.33 65.41
Stress m::fi::_?sl:;: wmigation - at} 44 o5 37.65 | 171817 | 272383 J,_44.42.00 1088.97 63.25
Missing one irrigation at
(WS) heading stage 12.68 35.33 1945.83 | 2940.75 | 488658 1196.55 61.35
Missing - one irrigation atf ;59 3337 | 2211.25 | 304317 | 5254.42 1338.24 60.44
milk-ripe slage
L.S.D at 5% ievel for: WS 0.15 1.32 32.09 45.09 20.71 19.46 0.17
Paclobutrazol Q 12.33 36.33 1852.92 | 279525 | 464817 1128.48 60.78
concentrations 25 13.96 36.63 2037.42 | 2965.82 | 5003.33 1270.99 62.34
(PP) 50 16.50 38.78 2283.83 | 3236.08 | 5519.92 1476.58 64.59
100 13.42 37.00 2084.17 | 2087.25 | 507142 1309.04 62.78
L.S.D at 5% level for: PP 0.17 0.76 29.85 44.00 3573 18.69 0.14
0 16.12 40.18 2160.00 | 3082.00 | 5222.00 1369.83 63.42
Unstressed | 25 17.87 41.19 2343.00 | 3214.67 | 5557.67 1526.13 65.14
{control) 50 20.33 43.26 2619.67 | 3606.33 | 6226.00 1773.06 67.68
- | 100 i7.28 4132 | 2409.67 | 3224.00 | 563367 1576.29 65.42
E Missing one 0 9.18 35.50 151233 | 2541.00 | 4053.33 923.47 61.06
- lerigation at 25 11.35 37.96 1685.33 | 274267 | 4428.00 1064.52 63.16
v tillering stage 50 13.14 39.58 1932.33 | 250133 | 4833.67 1259.58 $5.19
=3 100 10.52 37.19 174267 | 2710.33 [ 4453.00 1108.32 63.50
_5 Missing one 0 11.10 33.30 1735.67 | 273433 | 4470.00 1036.81 59.55
B irrigation at |25 12.30 35.15 1925.33 | 2950.33 | 4875.67 1174.04 60.98
o heading stage 50 16.07 37.65 2141.67 ) 311500 | 5256.67 1357.90 63.40
E 100 12.24 35.22 1980.67 | 2963.33 | 4944.00 1217.46 61.47
Missing one 0 12.93 32.35 2003.67 | 2B43.67 | 4847.33 1183.81 59.08
irrigation et 25 14.32 32.23 2196.00 | 2956.00 | 5152.00 1319.29 60.08
milk-ripe stage 50 17.45 34.63 2441.67 ] 332167 | 5763.33 1616.77 62.08
100 13.64 34.28 2203.67 1| 3051.33 | 5255.00 1334.09 60.54
L.S.D at 5% leve! for: WS x PP 0.35 N.S N.S 87.99 71.46 N.S 0.29
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The obtained results reveal aiso that foliar application of
paclobutrazol significantly affected the yield and its attributes i.e. grain,
straw, biological yields per feddan, weight of grain per piant, 1000 grain
weight as well as total carbohydrates percentage and carbohydrates yield per
feddan. increasing the concentration of paclobutrazo! up to 50 ppm caused a
significant increase in the aforementioned parameters. Similar results were
obtained by Zhou and Xi (1993) on rape, Abo El-Kheir et a/ (2000) on
- sunflower and Kandil et af (2000) on maize.Moreover Zhou and Xi (1893)
indicated that paclobutrazol increased chlorophyil content and photosynthetic
rates, prolonged leaf longevity and significantly increased total rape oil
production by 13.4% over the control.

The interaction effect between water stress and paclobutrazol
concentrations was significant on all studied yield characters except for 1000-
grain weight, grain and carbohydrate yields per feddan. It could be noticed
that increasing the concentration of paclobutrazol up t 0 50 ppm increased
weight of grain per piant, straw and biclogical yields per feddan and totai
carbohydrates percentage under the different irrigation treatments. The
highest biological yield per feddan and total carbohydrates were obtained
when plants were irrigated normally and sprayed with 50 ppm of
paclobutrazol.lt is worthy to mention that under stress treatments spraying
wheat plants with 50ppm paclobutrazol improved biclogical yield.

The results suggested that irrigation every 30 days and application of
paclobutrazol concentration with 50 ppm could be recommended for
maximum yield of wheat plants under similar conditions.

REFERENCES

Abd Ei-Gawad, A.A.; Nemat A. Noureldin; M.A. Ashoub and M.A. Kashabah
(1993a). Studies on consumptive use and irrigation scheduling in
relation to nitrogen fertilization on wheat. |. Growth and stomata
behaviour of wheat plants. Annals Agri¢c. Sci., Ain Shams Univ., Cairo,
38(1): 181-172.

Abd Ei-Gawad, AA.; Nemat A. Noureldin, M.A. Ashoub and M.A. Kashabh
(1993b).Studies on consumptive use and irrigation scheduling in
relation to nitrogen fertilization on wheat.ll. Response of wheat yield
and its attributes.Annals Agric.Sci.,Ain Shams Univ. Cairo,38(1):173-
181.

Abo El-Kheir, M.S A; S.A. Kandil and H.A. Ei-Zeiny (2000}. Growth, yield and
some physiological processes of sunflower plants as affected by
paclobutrazol treatments under salt stress conditions Egypt. J. Agron.
Vol. 22: 107-124.

Abo-Shetaia, AM. and A.A. Abd El-Gawad (1995). Growth, yield and yield
attributes of wheat in reiation to N-fertilization and withholding an
irrigation at different stages of growth. Annals Agric. Sci., Ain Shams
Univ., Cairo, 40(1): 195-211.

Dubocis, M., KA. Gilles; J. Hamilton; R. Rebers and F. Smith (1958).
Colorimetric method for determination of sugar and related substances.
Anal. Chem,, 28: 350-356.

1886



J. Agric. Sci. Mansoura Univ., 30 (4), April, 2005

Kandil, S.A.; AA. Abo-Ellil and HA. El-Zeiny (2000). Effect of water stress
and paciobutrazol application on growth, yield and grain chemical
composition of maize. Egypt. J. Appl. Sci., 15(7): 71-86.

Kandii, S.A; M.S.A Abo-El Kheir and H.A. El-Zeiny (2001). Response of
some wheat cuitivars to water stress imposed at certain growth stages.
Egypt. J. Appl. Sci., 16(1): 82-98.

Kassab, O.M.; H A. El-Zeiny and M.M. Ibrahim {2004). Effect of water deficit
and micronutrients foliar application on the productivity of wheat plants.
Minufiya J. Agric. Res. Vol., 29: 4: 925-932.

Kramer, P.J. and J.5. Boyer (1995). Water relations of plants and soils.
Academic Press, San Diego, New York, Boston, London, Sydney,
Tokyo, Toronto, 360-380.

Mc Master, G.S.; WW. Wilhelm and P.N.S. Bartling {1994). Irrigation and
culm contribution to yield and yield components of winter wheat. Agron.
J. 86: 1123-1127.

Sawires, Eman, S. (2000). Yield and yield attributes of wheat in relation to N-
fertilization and withholding an irrigation at different stages of growth.
Annals Agric. Sci., Ain Shams Univ., Cairo, 45(2): 439-452.

Snedecor, G.W. and W.G. Cochran (1980). Statistical Methods, 7" ed., lowa
State Univ. Press, lowa, USA.

Steel, R.G.D. and J.H. Torrie (1960). Principles and procedures of Statistics.
McGraw Hill Book Co., inc., New York, Toronto, London.

Wen Xun, T.; B. Baozhang; Z Jing Yang and M. Jing Yong (1995).
Physiological and biochemical changes in dry-raised rice seedlings
after application of paclobutrazol. J. Jilin Agric. Univ. 17(1): 25-28.

Zhou, W. and H. Xi (1993). Effects of mixtalol and paclobutrazol on
photosynthesis and yield of rape (Brassica napus L.). J. Plant Growth
Rge., 12: 157-161.

1887



Kassab, O. M. and H. A. El-Zeiny

oAl Gl Jpanay g Ao Jo) sty Aldaddy AL dgat 50
P TRU - YRR WP T PO RV WP O
e =530 = Ba ~igall paskd 5 oa) = Al 5 Dy el clidiall pudd

Dha (A plid Uailaa) lildy Sigall pagll S 5al e ) jag llia ol a3 ¢n.=i1

cam T &J))Gﬂuxmﬁ%uywv..v Yool Yeud=Youe ause
A S Ay (D el pshay o Jiliaadl 3 ey o il A e (e S e daady 4y e
Jy—aadly sl o (Cled Bodn Yoo 00 Y0 hua) Uy SslSLD pall aliie
A8 L Gl gl 480 G a5 S J seanay (5 gioeey Alina s

forl Lad 2 IGED aal Rl OSagy
Ca)\.’\_lld.a'lfllg_agiqj‘_;)ll Slasad Ao el Agadd SN oy el sl -
ela SV e S ey il U oa ) sl Clins (B 5 gine el ) el LS
Sy 3 Wy )y 5yl (e S Aal aobad ISy il il (3 Y
=3 oo Sl gl (5 g8 ) Tieay Jpeanall y (Al AH Lol Salad y bl
Sa—taay (il st gad Jy—analy il g gl o JS Jpeanay 4 Ve
e Sy = (AN Aalaa) aliiall (5l iy 3 e IS G jaa g SH J panay
i By i) 3k Al g i Un gin y e il laye e st o e ol 20

o) G e a0 (ga 3S5h Jy ) sl el aliie il S Aelae i -
Jy—anay 5 3taay iay Jpasdy saill duy podll Slisall ains 3 4500 33l
Aldaall e Sty 45 jlie LD A s g0 KB

o sl 5 5 sah ) sl UL Aldbeally Sl atﬁynu,.dcummg -
Js—an i Md,“suwupu))um.ah_)ujlu_,ddl deja 0+ Aa
Mgﬂu&&us—muﬂﬂyﬂigwjuhﬂ@}bﬂl

gma osld (Bs a0 58 Jy )l R glSll geil adaieg peadll SULS S Apa gl S -
el TG e Jpeana b Giadl iy Loy T B

1888





