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ABSTEAC]

Pisun sativup L.ptants need, 1337, 5495,
4157, 8357, and 21086 photothermal unit (PTV),
205, 890, 684, 1377 and 2819 total day temper—
ature (IDT), 149, 674, 524, 1032 and 2121 total
night temperature (INT) and 60, 227, 166,354 and
713 total daily range (TDR) for the different
phenological stages, 1i.e. from sowing to
emergence, sowing to 1st flower, emergence to Ist
flower, sowing to S0X flowering and sowing to
maturity, respectively.

Pisum sativim cultivars (Alderman, Alaska and
Perfection) differed significantly in length of
some growth stages.Summation took similar trend
in most stages. Pisum sativim plants need 129,
517, 788 and 1798 growing degree days (GDD); 90,
391, 654, and 1315 total bright sunshine hours
(TBSSH) and 114, 577, 925 and 1856 potential
sunshine hours (PSSH) for the different
phenclogical stages. This stemmation could be used
for predicting of temperature in a certain
location, amd consequently the expected date of
maturity of a certain variety cou’'d be known.
Cultivars differed significantly in -ield and its
components, protein and other agronomic
characters. Alderman c¢v. was superior in the
efficiency of energy conversion °‘aan the two
other cultivars.

INTRODUCTION

Temperature is a major environs ntal factor that

determines the rate of plant development (Johnson and
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Thornley, 1985, McCould, 1984). With the Iuilding of growth
and development models, there has been renewed interest in
estimates of plant phenological stages. Temperature is a main
driver of phenological progress through vegetative and
reproductive stages of many species. These could be linked to
thermal time (Ahisler et al.,1986)

Thermal time has been used to foilow the progress of
plant ontogeny from emergence to maturity and to describe
development at individual organs. Studies of development of
spring wheat (Angus et al.,1981b) and faba beans ( Faiza, 1989}
had shown a clase relationship of phenological stage with
temperature and thermal time CD.

In controlled environment experiments, rates of Pisum
sativim development were determind by temperature (Skjelvag,
1981 b),ard weight increase correlated linearly with
temperature. However, at lower temperature, longer
fruitfilling periods are required (Imam, 1988).Angus et al.
( 1981 a) examined thermal time from planting to emergence in
field experiments for 44 species, including three Pisum
sativim cultivars.For most species, a linear relationship
existed between rate of development and day-degree. Labudo
(1987) states that sum of temperatures from sowing until
emergence was an average 222°C, on the other hand, the mean
sum of temperatures and mean time from sowing until emergence
of Pisum sativim varied significantly among years. In
addition, Ellis et al.(1988) found that optimum temperature
for mean rate of seedling emergence was 23.9°C and for rate
of preceress towards flowering was 25.4°C in Alaska.

The effects of climatic factors on the growth and
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development of field bean in phytotrone and open field
experiments showed different trends for the phenological
phases and growth. Rates of phenological development which
were predominantiy affected by day-time temperature during all
phases, (Skjelvag, 198 a).

Variation in soil moisture and shading throughout the
growth period had no significant effect on the seed nitrogen
percentage of Pisum sativum (Tanaki arx] Naka, 1971).Skjelvag
(1981 b) found that seed N content increased with temperature
increase from 15 to 18 or 21 °C and fell again at 24 °C. On
the other hand, the narrow spacings between hills and higher
mmber of plants per h1ii gave greater total protein yieid per
faddan as reported by Shalaby and Mohamed (1978).

The effect of some climatic factors on growth and yield
was studied on some field crops by Imam (1985,),Seeman and
Lomes (1979), Boyer(1982),Debace et al.,(1985), Rady
(1986) ,E1-Shaer (1988) and Faiza(1989) who found significant

correlation between microclimatic variables and yield. Yield

rogprnont ot pradaie T 73wt different in direction.
mim e AEER . to study the energy summation
indices of scr: v oo ical stages and performance for three

cultivars as influenced by number of plants/hill and the
growth, as well as, the relationships between yield and this
energy.
MATERIALS AND METHODS

Field experiments were conducted at special farm at
Dakahliya Proviﬁce, Egvpt during 1991/ 1992 season.

Three Pisum sativum cultivars were planted on Nov. 12th
and 13th in 1991, respectively. The cultivars were Alderman,

12 k-
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Alaska and Perfection. _

Two planting densities were tried where two or three
plants/hill where left to have 22.22 or 33.33 plants/m'l .
respectively. Planting was made on both sides on ridges 60 cm
apart. The experiment was laid out in split plot design with
four replications. The main plots received cultivars and the
sub-plots were devoted to no. of plants/hill, (sub-plot area
= ID.Sm2 ). The normal cultural growth for this crop was
practised, and the following characters were def~armined.

A— Phenological stage;

Developmen: was measured related to tine was fol e
according to Skjeivag (198! a.b) and El--Shaer {(1988).
B~ Thermui time

Max. and Min. day and night temperature, daily range
temperature as well as possible sunshine hours (7U'SSH) were
recoreded in Figure ().

The total day time mean temperature (TDT) night time
mean temperature (INT) and daily range temperature (TDRT) were
calculated and discussed.

Daily range temperature = day time mean temperature
night time mean temperature.

Photothernal units (PTU) were calculated. This parameter
represents the product of the growing degree days (GDD), and
day light hours bv (Baucr et al., [984).

GDD=£ m——-—j;“a"';T“‘l“- ~-Tb
-1

W o o and T oeax . and
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Fig. (1): Temperatre in 1992-season at studied area.
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T min.are daily maximum and minimum (hourly average tempera-—
ture °C of day j, El-Shaer et al.,(1988) A Tb of 5 C,Seeman
and Lomes (1979).

=9

PTU=Y" L(GDD)

8,

where: L = day light hours, S1 = begining of plant growth
stage.and S2 = end of plant growth stage.
Each period of phenological stage was assumed to require

on equal thermal time (Cd) El-Shaer (!988).

C~- Heat Unit Efficiency (HUE)

Heat unit efficieny (BUE) = Total dry uwmatter
accumulation (DMA) divided by the growing degree days (GDD)
according to El-Shaer et al., (1988).

These characters were measured as follows:

1-Total dry matter mg/plant after 45 days from sowing

and every 10 days untill 105 days.

2-Straw vield as (Kg/fed.), seed yield as (Kg/fed.) and

biological yield as (Kg/fedden).

D~ Growth

Plant hight, number of branches and dry weight per plant
were recorded after 45 days from sowing in 10 day-intervals up
to 105 days from sowing.

E- Yield and its components:
Grain yield and its components were taken from the



Delta Y. ueci. 17 1) V93
THR INFIUTRCE OF TEMPERATURE ON PHENOLOGY,

central | m2 of each plot and converted into (Kg/fed.)
adjusted at a moisture content of 15%. Five plant samples were
taken and used for the {ollowing measurements.

Number of pods/plant, and seeds,/pod, Hi-seed weight,
seed /plant (gr.), straw/plant (gm.)}, biological yield/m?
(kg.), seed yield /m2 (kg.), straw yield /m2 (Kg.), biological
yield (ton/fed.)., straw vyield (ton/fed.}), seed yield
(ardab/fed.), seed protein percentage was determined according
te (A.U.A.C. 1980) proicsn yvield (Kg/fed.).

The efficienv of enersv by wunits for producting seed,
was cdetermined by biotogical seed vyield/feddan, straw
vield/fed. and Dbiological vyield/fed. from sowing to
physiological maturity as reported in ICAREDA Annual Rep(1981}.

bata were statistically analyzed according to Snedecor and
Chochran (1967). Correlation analysis was made according to
Sendecor (1956).
RESULTS AND DISCUSSION
A-Thermal time (Cd):

Therwal time measured in photothermal wnit (PIU)., total
day temperature (TDT) total night temperature (INT) and total
daily range temperature for some phenological stages of
different Pisum sativum cultivars are presented in Fig. (2).

Results showed that all cultivars were significantly
different in phenological stages except the stages from
planting to emergence. The ranking of cultivars concerning the
thermal time was similar to that when day summation was
considered at all growth stages.

In this respect, Angus et al. (1981 a,b), Skjelvag
(1981 a,b), Rady (1986) and El-Shaer (1988) found that the

12¢
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(1986), Labudo (1987) and Ellis et al. (1988).

Hlowever, cultivars differed significantly in the length
of vegetative growth period and consequently from planting to
maturity. It is clear that the difference between the earliest
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variety (Alderman) and the latest one (Perfection) from sowing
to S0% flowering was 8.9 days as an average of 1992 scason.

As an average of 1992 season, day summation of
vegetative growth stage {(sowing 50% flowering) was aboul 55%
from the day summalion of planting te maturity, while
sumnation during sowing to emergence arnvd sowing to 1st flower
was 6.% and 38.%, respectively.

The rates of phenological development were predominantly
affected by day time temperature during all phases. The day
from sowing to maturity decreased with rising temperatue.
These ressults are in agreement with those obtained by Major
(1980), Skjelvag (1981 a), El- Shaer (1988) and Rady (1986).
2- Growing degree days (GDD}:

Results in Table (1), showed that cultivars differed
significantly in GDD summation during most of the studied
phenological stages, except from planting to emergence in 1992
seasoli. El-Shaer (1988) and Rady (1986) found that Pisum
sativum (Alaska) required GDD of 123— 135 from sowing to
emergence.

The ranking of cultivars concerning temperature
sumation was similar to that when day summation was
considered in Table (1).

In this respect Kaszuba (1987) and Skjelvage (1981 a),
found that low temperature favoured vegetative growth, while
high temperature favoured flower and seed production. El-Shaer
(1988) ard Rady (1986}, found that physiological age at the
phase change between the end of flowering and the beginning of
ripening may vary with temperature levels.

3- Total bright sunshine hours (TBSSH) and potential sunshine

132
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Table (1} Total number of days (TND) and total g’rowmg degree days
(TGDD) for some phenological stages in Pisum sativym as
influenced by variety durintg 1392 season.

| TND TGDLD
Sowing [Sowing | Emerge |Sowing | Sowing SowmdSuwing Emergd Sowing | Sowing
Treament{ w0 tolsl | to lsg | to50% o to | e lal [ tolsl | to S0% 1
Emerge flower | flower | flower | matur. {Emerge] Nower | Mower | fiower | matwr.
Variety:
Alderman [ 10.00 | 49.80 | 39.80 | 81.30 ; 156.90% 129.88| 507.18 | 377.30] 793.50{ [R6.60
Alaska 9.63 51.80 | 42.17 | 82.43 | 156.00) 124.88| 523.08 | 398.10| 804.00} 1847.61
Perrection] 1100 ] 6L.n0 | 50.60 ©0.13 164.114 14288 | 606.08 | 463.20| 87732] 199802
LS. 056 0.72 |0.88 0.98 1.29 | 726 6.22 11.37 | 1187 | 24.76
{5 %)

Table (2): Total bright sunshine hours (TBESSH) and total potential

S

sativuun as affected by variety in 1992 season

unshine hours (PSSH} for some phenological stages in Pisum

TBSSH PSSH

Sowing! Sowing| Emergd Sowing | Sowing i Sowing| Sowing] Emergq Sowing | Sowing
Treaumend] 10 wlag | wlst| ws0% tw o wls | wist | 1o 50% w

Emerge] lower | fower| Nower | matur, || Emerge] Mower | fower | flower| maur.
Variety:
Aldeman | 47.40 [ 368.60 | 292.20{ 611.50( 1331.30 )| 105.44| 52.27 | 414.83| 860.70§ 1777.90
Alaska 71.50 | 381.50 | 309.60{ 622.50| 1321.80 [{ 101 54| 541,57 | 440.03} 870.60] 176390
Perfection] 32.30 { 440,90 | 366.60| 698.40{ 1409.40 116,04 | 647.27 | 530.23| 958.20§ 1872.70
L.S.D, 422 t0.£5 y6.47 | 606,13 [14.17 600 | 7.83 1032 | 1u.62 | 18.61
(5%)

Table (3): The mean stem height and : number of branches/ plant as
influenced by variety in 1992 season.

| Stem height cm. Number of branches/ plant
Days ufter sowing Duyy after sowing

Treatments 45 51 75 90 105 45 60 75 S0 105
Vaniety:

Adderman 56.13 7759 8539 8761 8838 Q163 173 193 193 212
Alaska 5317 B1.3T 9647 1004 105.3 F1.88 252 218 21T 29
Parfection 28.62 3809 5367 7683 71958 §283 272 133 293 368
LSD (5%)§] 244 432 4381 5.89 7.15 057 063 057 0.60 105
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hours (PSSH)

Results in Table (2) showed that all Pisum sativum
cultivars differed significantly in phenological stages,
except the potenial sunshine hours (PSSH) in the emergence
period. Generally, total day sum frem sowing to maturity for
late maturing cultivars was more difficult to determine than
early ones. The longer time for all growth stages of the late
ones was most likely caused by slower accumulation of energy
indices during the scason, Major (1980).

Debace gt al. (1985) found that envirormental factors
such as light intensity and temperature can affcct the number
of open flowers. The number of new flowers opening poaked
between 1300 and 1700 h. These results are in agreemenl with
those obtained by Shalaby and Mohamed (1978), Ibrahim (196i)
and Hegazi gt al. (1984).

Generally, it should be menticned here that energy
indices or microclimatic factors play an important part in
controlling Pisum sativum plant growth and development
throughout the season.

D~ Growth

Average stem height, number of branches per plant and
total plant dry weight of the three Pisum sativum culiivars
under the twe plant populations (22.22 plants/m2 and 33.33
plants/m2) in different plant ages are presented in Table 3
and 4.

Results indicate that average plant height increased
gradualily after 45 days from sowing to reach its maximum at
105 days from sowing date in all cuitivars. The highest plant

134
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Table (4): The mean dry matter g/plant of Pisum m
as influenced by variety in 1992 season,

Days after sowing
Treatments 45 60 78 90 s
Vanety:
Aklkaman 7.69 1297 21.9R 24 89 30099
Alaska 10.79 | 21.71 28.56 29.67 3628
Perfection 645 10.37 15.23 26.55 31.44
LSD. {(5%) § 1.60 2.25 4.14 2.12 1.94

Table (5): The mean values of yield componenets in Pisum
sativuin =as influenced by variety in 1992
seasoI.

Number] Number] 100- | Seed | Straw | Seed Stram
of pods| of seedg seed | yleld/{ yield/ | yield/ | yleld/
Treatmentql/plant | /pod weight| plant | plant mi m2
{gm} (gm) | {gm) {kg) (kg}

NYaricty:
Alderman 21.88 163 69.13 12725 | 4588 0.74% 1.256
Alaska 25.13 4.00 7063 | 3375 | 5013 0926 1,377

Perfection 9.00 4.62 100.88 | 19.63 | 38.25 0.551 1.048

L.5.D. {5%}] 2.90 0 58 1.25 2.36 252 0.060 0.075

Table (6): The mean values of Pisum sativum
vield and protein content of seeds as
influenced by variety in 1992 season

Seed Straw Biological/| Protein | Protein
Treatments| yield/| yield/ yield/ content| yield/

faddn | {faddan faddan % faddan

{Ardab) (Ton) (Ton) (Kg)

\,'aﬂr! e
Addermarn 21.00 5.28 8.43 16.07 506.21
Alaska 2509 579 9.68 17.13 665.50
Perfection 15.40 44| 6.72 13.71 3167
LSD. (5G) | 1.68 .32 0.57 0.325 41.0

Table (7): Pisum sativum seed yield, straw and biological yield in
" kg/energy unit as affected by variety in 1992 season.

Seed yield (Kg) Straw yield (kg) Biologics) »1eld (Kg)

Variely Per | Per Per Per Pet Per | Per Per Per Per Per Fer
Day {GDD [TBSSH| PSSH|t Day | GDI] TBSSi{ PSSHfp Day ) GDD | TBSSH| PSSH

Aldeerman 2005] 1.96]2.36 1.77 |1 3362 | 2.83) 3.96 | 2.97 S3R0) 452 ] 6.34 4.75
Adaska 24.9%| 2111194 220 )| 3007 | 313} 438 | 328 6192 5.2¢ TA1] 548
Perfecuion! | 411 [L1.16]1.64 )24/ 624 J220( 232 [ 2.35 1 4098) 336 (| &4°7 1589
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elongation was “ound between 45 and 60 day—old in Alaska and
Alderman; 60 and 75 day-old in Perfection. This could be
attributed to delayed flowering in Perfetion than in Alaska
and Alderman. It is clear that Alaska was superior in plant
height than Alderman or Perfection. As to the number of
branches per plant, it is clear from Table 3 that Perfection
gave greater number of branches per plant in both seasons.

Results in Table 4 indicate that average plant dry
weight increased gradually by the increase in the plant age in
all varieties. Alaska gave higher total plant dry weight than
Alderman and Perfection.

E- Yield and yield components:

Data in Table 5 and é show that Pisum sativum cultivars
differef significantiy (P<0.0S) in the studied character,
Alaska cultivars was superior to the other cuitivars in all
studied traits, eccept number of seeds/pod and 100-seed weight
(Table 5). Similar results were reported by Salem and El-
Massri (1986). However, the highest No. of seeds/pod and 100~
seed weight were obtained from Perfection cv.

The number of pods per plant as an ioportant contributor
to yield tended to be high in Alaska than in of Alderman or
Perfection. It is evident that individual plant is the product
of its genotype and environment. Considering the environment,
there are min., optim. and max. environmental conditions for
the plant. The increase per plant and per square meter could
be attributed directly to increasing the number of branches
per plant (Table 3), total dry weight (Table 4), flowering andl
pod formation period (Table 1). These results indicate that
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Alaska was more efficient in progucing seeds, straw on
tiologice! yvield/day, per GID,TB3SE and PSSH than fericolios

(Tabid o Try similar resuits 10! the o 7{eod of micoociimali.
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Stronge and significant negative correlations (Table &)
were found between No, of pods/plant No. of qeed /plant, 100~
seed weight, biological y;eld/m , Seed yleld/‘m , biolugical
yield ton/fed., seed yield ard./fed. protein vield/fed. and
NDTM, TGDD, TBSSH and PSSH.
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Table (8): Correlation coefficient value (r) for the
association between NDTM, TGDD, TBSSH and PSSH and

som yield components of Pisum satiyum in 1992 season

Energy indices
Yield Components] NDTIN .r—"rcn'gn :""rhssu PSSH |

Pod number/ plant -0.876* | -0.879*[-0.877* | -0.672*
Seed number/plant -0.893* | -0.895*{-0.895% |-0.889*

100- seed weight -0.945 -0.948 [-0.946 |[-0.937
Seed yield/plant -0.786 -0.033 |-0.766 |-0.784
Straw Yield/plant -0.652 -0.655 1-0.653 |-0.648
Biological yield/m? || -0.854* | -0.841*{-0.844* |.0.853*
Seed yield/ m? -0.883* | -0.879*|-0.681* |-0.891*
Straw yield/m? -0.801 -0.798 1-0.300 [-0.810

Biological yield/fad, | -0.845* | -0.843*}-0.845* |.0.855+%
Straw yicld /faddan -(1.802 -0.789 {-0.801 -L.811
Sead ylclgﬂ taddan -().882 -0.878 [-0.880 1{-0.890
Protetn vield/ faddan | -0.885 -0.834 1-0.884 |-0.890

* = Significant at 5%

A similar finding was reported by Skjelvag (1981 a) who
found that house of bright sunshine significantly affected
seed yield, related with GDD in five years.
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