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Summary

This study was conducted at RAMC (Regional Agrometeorological Center) Rawalpindi t
investigate the impact of weather conditions on the growthdamdlopment of wheat crop. Impact

(@)

of variations in the meteorological parameters on different phenological phases and hence on final

yield of wheat crop was analyzed. For this purpose, both meteorological and phenological data
collected from the meteological observatory and agricultural field of physiology section of Arid
agriculture university, Rawalpindi. Besides this record, other necessary features like sowing tin
fertilizer, weeds removing operations, amount and frequency of rainfall arenalsddd in the
currentreport for the Rabi season 2016. The wheat crop varietg€hakwal 97 sown in thedld
under observationsed 227Meat units irl59days duringts life cycle from sowing to full maturity.
The water requirement of crop was fulfdldy rainfall. Weather during crop growth period was
generally suitable for crop. Normal to slighthbove normal air temperature during the grain
formation stages provide the grain enougatto grow The aop was sown slightlyate in the
proper time and the rainfall in April and May during very crucial crop growing stages i.e. mil
maturity to full maturity, affected the crop and slightly below potential yield was received.

was




Chapter 1

INTRODUCTION

Wheat is the major food crop as well as one of the main agricultural products in Pakistatudyis

based upon field observations of wheat crop at Regional Agrometeorological Centre, Rawal
cultivated in the experimental field of Arid Agriculture University, Rawalpindi. In experimental fie
wheat crop variety Chakwal 97 was cultivated. Tsigdy will help in understanding the effect of
different climatic parameters on the growth and yield of wheat crop in Potohar region.

1.1 Geographical Description and Climate of Potohar region (Study Area)

Pakistan has a variable climate, ranging from &B8254mm annual rainfall) in the south to humid
(10162032mm annual rainfall), sefoumid (5081016mm annual rainfall) and sesid (254508mm

annual rainfall) in the north. The Indus River that originates from the north along with its tributa
irrigates the great plains of the country including Central Punjab. Chaudhry and Rasul found that ¢

2/3 of the total agriculture area lies in the arid climate. [1]

The study has been conducted for #HARawal piEpd

latitude 33.6N and elevation of 517m from mean sea level. The climate of Northern Punjab includ
Potohar region has a considerable temperature variations resulting in creating favorable conditio
extreme weather patterns (Figtird.1). However smmer monsoon produces more rainfall as compare
to winter. Day time temperature reaches above 40°C during summer from April to September e
some occasional relief from monsoon raansgl decreases the evaporation demand of the atmosphere.
winter s@son starts from November and continues till March. December, January and February ar
coldest months. In winter, night time temperature drops below 0°C [2]. More detail about the clima
Rawalpindi during Rabi season is shown in the figures (1123% The highest amount of rainfall occurs
during Rabi season in the monthMéarch followed by January and Februabay time mean maximum

and night time mean minimum temperatures graduratiyease from December onward$3]
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Figure 1.1: Mean Annual Rainfall (mm) of Punjab
[Normal (1981-2010)]
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Figure 1.2: Monthly Mean Annual Rainfall (mm) of Figure 1.2: Monthly Mean Annual Temerature
Rawalpindi (Normal 1981-2010) during Rabi (9C) of Rawalpindi (Normal 1981-2010) during
Season Rabi Season

1.2 Scope of the Study

Pakistan experiences a more variable and unpredictable behavior of weather systems as compared
other countries of the regiofhis typeof weather patterngesultin the variations in the amount of
available water both for irrigated and rain fed agricultural lands, which consequently results in the

fluctuations inannual yield of wWmeat. Somdime heavy rains along with persistent cloudy condition:s
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trigger theviral or pestattack on wheat crop and also cause rapid growth of weeds in the fields. It
prolongs the crop period, which causes delay in sowing of next Kharif crop. Rain just after sowing ce
decrease in the number of germinated wheat seeds and also atehaf twarvesting/threshing badly

damage the final yield. Abnormal rise in day time temperature or late sowing raises crop W
requirement at a particular pha3dis could also causearly completion of phase and early maturity of
grains. Due to whiclshriveled grain is obtained. Therefore, in this study the impacts of variations
meteorological parameters along with variations in soil temperature and moisture are analyze
understand crop growtind development throughout the crop life and thepaat on final yield of the

crop.
1.3 Objective of the Study

A To analyze and study the impact of various meteorological parameters on crop growth
development.

To investigate the water satisfact sensitivity of crop in Rawalpindegion.
To develop theelationship between weather parametersps life cycleand yield obtained

To determine the onset of pests and diseases related to weather elements.

o Do o Do

To get a step forward for formulation of yield estimation.
1.4 Review of Agriculture Production in Pakista n

Pakistan is an agrarian country whose population and economy directly or in directly (70% directly
16% indirectly) depends upon agriculture. Agriculture is the mainstay of Pakistan's economy. It acc
for 21% of the GDP and together with adgrasel pr oduct s f et c hes | &pobb
earnings. More than 44 of the labor force is engaged in this sedi4f.The crops is most vibrant sub
sector ofagriculture, it consist of 40% of agriculture and 8% GDP. Therefore any change in
agricultural productivity creates a ripple effect throughout the rural population of Pakistan. Thus r
agricultural growth can stimulate and sustain the pace of industrial growth, setting into motion a mut

reinforcing process of sustained econogriawth.[5]

Punjab contributes about 76% to annual food grain production in the country. According to the Pt
Agriculture department APunjab has 57% of t}
Pakistan[6] It provides about 83% of cath, 80% of wheat, 97% fine aromatic rice, 63% of sugarcarn
and 51% ofwheatto the national food production. Among fruits, mango accounts for 66%, citrus m

than 95%, guava 82% and dates 34% of total national production of thesdtuits.
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1.5 Wheat Product ion in Pakistan

Wheat flour or AAttao is the common food for
average diet. It is the main food cereal crop in Pakistan and is essentially better from nutritional po
view then most of the cereadsid other foods. It is estimated that in our country wheat consumption
capita is 124 kg per year, which is the highest amount over the world. [5] The above fact reflect
importance of wheat crop for our country. Therefore every year variatidre itotal yield of wheat due
to several factors including climate and weather variations directly affects the economy and s

balance of the country.

Wheat is a Rabi crop that is grown in the winter season. In Pakistan sowing of wheat takes place
Ocober to December and harvesting during the month of March to May. In Punjab sowing montt

wheat are November and December whereas harvesting period is April and May.
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Chapter 2

MATERIALS AND METHOD

The wheat crop variety Chakwal 9¥as cultivated aRegional Agrometeorological Center, Rawalpindi

in Potohar regiomuring Rabi seasoh01516. Both the meteorological and crppenologicadata were

recorded during the crop season. In order to compile the data of each development stage, careful, preci

and timely recating of the following parameter§ dble 2.1)were undertaken at 0300, 0900 and 1200

(UTC) as routine practice.

Table 2.1: Observed Meteorological Parameters

Air Temperature (eC)
Maxi mum & Mini mum Ten
Soil Temperature (eC)
Relative Humidity (%)

Precipitation (mm)

Pan Evaporation at 0300 & 1200UTC

Bright Sunshine Hours

Wind Speedkm/hour)

Wind Direction

Soil Moisture (%)

© N g ~w N =

[EnN
©

Crop data including Phenologicdhtaand soil moisture observatiamas collected according to World

Meteorological Organization (WMO) and Food & AgricultlOrganization (FAO) standards.

2.1 Phenology

For a sound understanding of plant growth and development, observation and recording of phenol

stages of plant is an essential element (Table ZH.impact of precipitation, heat, drought, diseases

insects, and weeds can be more accurgisdglicted with a clear picture of the relationship betwee
growth stage and plant response to stress. The optimum timing of fertilizer, herbicide, insecticide
fungicide applications are also best determined by crop growth or phenological stagthastloatendar
date. [8]

10

oJo][o¥
>1
n

, alnc




Table 2.2: Phenological Stages of Wheat Crop 2015-16
Phenological stage Date
1. | Sowing 12-12-2015

2. | Emergence 22-12-2015
To
03-01-2015
3. | Third Leaf 04-01-2016
To
14-01-2016
4. | Tillering 15-01-2016
To
28-01-2016
5. | Shooting 29-01-2016
To
17-02-2016
6. | Heading 18-02-2016
To
08-04-2016
7. | Flowering 09-04-2016
To
27-04-2016
8. | Milk Maturity 28-04-2016
To
11-05-2016
9. | Wax Maturity 12-05-2016
To
24-05-2016
10. | Full Maturity 2505-2016
To
28-05-2016

2.1.1 Phenological Observations

Generally the field selected for Phenological observations should be of one hector in size but in this
area of field selected for observation was half acre and it was divided into 4 replications. Over a
plants were seléed from each replicatioThese plants were tagged in a row in each replication. Th
phenological observations were recorded on 40 plants and continued throughout the period on the

plants.

Total number of plants in a particular phenological phase at the same time was observed from
replication onalternate week dayand these observations were recorded on the prescribed Perfor
When 10% of the selected plants were in certain phadegdhéecular phase was considered to be startec
If 50% of the selected plants displayed a certain phase, that phase was considered to be in full
Similarly, 75% occurrence of certain phase displayed by the selected plants was considere
completion of that particular phase and next Phenological phase observations were started at their
time. Thus next phenological stage is not bound to appear after the completion of first one. It has
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observed that at a time two phenological phases phase can exist.

2.2 Methodology

In this study the impact of different meteorological/moateorological parameters in comparison with
the normal (1982010), including soil temperature, amount of seed per acre cultivated, time of sow
fertilizer intake, nmber of days and amount of rainfall water added and pest attack/pesticide used

crop growth, development and final yield are discussed.

The observed meteorological data at RAMC Rawalpindi is used in this study. The observations
made at 0300z, 09@0and 1200z as per recommended procedure. Phenological observations on
basis were also collected from the field of Arid Agriculture University Rawalpindi. The location of fie
is at Pir Mehr Ali Shah Arid Agriculture University Rawalpindi. The dista of the selected field is
approximately 0.<m from Regional Agromet Center. So the meteorologpaabmeters which were

observed in Agromet Center are same at that particular field.
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Chapter 3

RESULTS AND DISCUSSION

In this chapter, variations in mei®logical and nommeteorological parameters and their impact on th

wheat crop is analyzed along wit h aormmallythefvheatu
crop takes 10020 days to get fully mature. The crop is cultivated in the stadbeémber up to the mid
of December. In order to investigate the chi

D

mm

ef

and yield related to varying weather conditions and some other factors during each phenological stages

wheat crop, different eteorological parameters are studksdvell.

Table 3.1: Brief Summary of the Wheat Crop

1 Field size 4 kanal

2 Crop variety Chakwal 97

3 Date of Sowing 12-12-2015

4 Information about any diseasest No pest attack reported and no pesticides were
attack,Pesticides/ weedicides details

5 Quantity of seed per acre 50 Kg

6 Row spacing 25¢cm

7 Schedule and quantity stipplieddose of a 1 bag DAP & half bag Urea abwing

fertilizer b- 1 bag Urea at shooting & 1 bag at flowering
8 Type of irrigation Rainfed
9 Heat units consumed from sowing to full | 2270

maturity

10 Total days taken by the crop from sowing| 159
to full maturity
11 Date of harvesting 30-05-2016

12 Actual/ Potential yield 45/60 mounds/acre

13




3.1 Rainfall and Wheat Crop Growth

Rainfall is one of the most important factors that affect annual wheat production in Pakistan. In tin
effective rainfalli.e., before sowing and shooting to grain formation stage is greatly beneficial. In
same way, rain after sowing and before germination and at the time of full maturity negatively affect

growth and ultimately reduce the yie[8]

During the crop season 2015i 16, rainfall amounting20.0mm was reported faa dayin December55.7
mm for 05 days in January during early to mid growing stageshe month of Februaryaelow normal
rainfall amountingd6.3 mm was reported fordays duringtillering/shooting stages. In March above
normal heavy rainfall amountint80.1mm for 12 days was reported durirgipootingstage. DuringApril
rainfall amountingl5.1 mm for 08 days reported fronshootingto flowering stagesWhereasrainfall
amounting 26.0 mm fdd4 dayswas recorded in Maduringflowering tomaturity stagesOverall below
normal rainfall was received during the crop season-2G15

200 -
160 -
120 -
O
80 -
40 -
0 T T T T T 1
Dec-15 Jan-16 Feb-16 Mar-16 Apr-16 May-16
[—1Observed Data =—@=Normal Data

Figure 3.1: Comparison of Monthly observed rainfall with Normal (1981-2010) at Rawalpindi
during Rabi Season (2015-16)

14

e or
the

crop




Table 3.2: Daily Rainfall History of the Crop Life 2015-16

Year Pheg;llsgical Month Rali\:](;. gl; . R(ar:]nn:z;lll Mon;::?; ;I'otal
2015 Emergence December 00 0.0 0.0
2016 Emergence January 00 0.0

2016 Third leaf January 01 41.0

2016 Tillering January 01 2.2

2016 Tillering January 01 12.3 55.5
2016 Shooting February 01 34.3

2016 Heading February 01 5.0 39.3
2016 Heading March 12 180.1 180.1
2016 Heading April 03 2.8

2016 Flowering April 05 12.3 15.1
2016 Milk Maturity May 01 1.2

2016 Wax Maturity May 03 7.4

2016 Full Maturity May 00 0.0 8.6

3.2 Air Temperature and Wheat Crop Growth

Air temperature is also one of the most important climatic variables that affect plant life. Plants grow

restricted to certain limitef air temperature. The main dry matter process pleotosynthesis is also

ith is

temperature dependant. Hence three temperature values for a plant growth are of particular importance.

They are;

1 Biological Zero: is the minimum temperature below which plant growth stops; for wheat cro

ranges between 0°C and 5°C.

1 Optimum Temperature: at which maximum plant growth occurs. For wheat crop its value is 25

1 Maximum Temperature: above which thami growth stops. For wheat cropvedue is 3632°C.

[10]




Detail of Mean Monthly Air Temperature, Monthly Mean Maximum and Minimum Temperature and
Absolute Maximum and Minimum teperature are presented in Tabl&.3 along wihh Normal (1981

2010) valuesnd is also shown in following figures (3.3.4).

25 -+ 35 -

30 A |

20 1 . )

/ 25 - yd

= ]
LY

15 T _/ 20 a /
10 - V4 151 1”7
o Lo

10 -
5 .

5 .
0 T T T T T 0 T T T T T 1

Dec-15 Jan-16 Feb-16 Mar-16 Apr-16 May-16 Dec-15 Jan-16 Feb-16 Mar-16 Apr-16 May-16
[—Observed Data =—=@=Normal Data [—10Observed Data =—@=Normal Data

Figure 3.2: Mean daily Minimum Temperature (°C)  Figure 3.3: Mean daily Maximum Temperature (°C)
of Rawalpindi during the Rabi Season of Rawalpindi during the Rabi Season
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Figure 3.4: Mean Monthly Temperature of Rawalpindi during 2015-16

During the crop season of 20151 16, mean daily and day time maximum temperature remaimestly

normalto below normathroughout the crop life cyclkhich favored satisfactory crop growth.
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Table 3.3: Mean Monthly Temperature during Rabi Season 2015-16

Month Mean Monthly Monthly Absolute Absolute

Monthly (°C) Mean Max.(°C) | Mean Min (°C) | Max. (°C) | Min. (°C)
Dec2015 (1121'_%6 &3_‘% (2:2) ég:g) (-21'.%)
Jan2016 (1(1)5) (g% (g:g) éé% (—31..%)
Febzos | 151 ies | an | @
varz0s | (23 59 ©9 | @0 | (03
April-2016 égjé) (gé:i) (g:czn (4313:2) (16%.15)
May-2016 (gg:g) (2232) éé;% (igig) (ﬁ:g)
* () in Table 3.3 shows Normal values (1981-2010)

3.3 Soil Moisture Observations during Crop Growth

Soi l moi sture plays a vital r o Ipreportional to raigfallamd sp 6 s
inversely proportional to evapotranspiration from the plant and its surroundings. Variation in soil
moi sture during cropbs | ife play important rol

requirement of wheatrop varies during different growth or Phenological stages. Highest amount is

needed during flowering stage followed by grain formation stages and then vegetativeldlages [

To calculate soil moisture, soil samples are taken 8h 2@ and 3" of eah month in four replications
at 5, 10, 20, 30, 40, 50, 70 and 90 cm deptitls the help of auger. However in case of any anomalou
event on the specific date, the sample can also be taken on the next day. Soil sample is then weigF
dried in the overfior about 8 hoursThe dried sample is weighed again and moisture present in the so

then calculated by the difference of weight between wet andainples as illustrated below:

(Weight of the canecontaining soil before drying  Weight of the cane containing dry soil) y

0D E£€D0IQ% = . — - -
b &% (Weightof canecontaining dry soil ~ weight of cane

100

Moisture contents of the soil varied due to dry andspetls throughout the seasaoffter each effective

ed g

lis

irrigation or rain the moisture level increased in the shallow layers as compared to deep layers of the soil

During the crop season 20151 16, from the observed soil moisture ddigures (3.77 3.11)depicts that
soil moisture remained satisfactory durgagly stagesf the cropife whereas it remained slightly deficit

17




in deep layers duringntermediate ges February & March due to seasonal rise in direct solar
radiation.During the maturity stages of the crop life, moisture conditions were satisfactory in deep ¢
as compared to ground levdut due to below normal crop water requirement (figure 3raijfall
reported during the crop life also fulfilled soil moistueguirement.
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Figure 3.5: Soil moisture chrono Isopleths for Rabi Crop at Rawalpindi for the year 2015-16

Soil Moisture during Dec-15 to Jan-2016
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Figure 3.6: Soil Moisture during Dec-2015 to Jan-2016
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Soil Moisture during Feb-2016 to Mar-2016
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Figure 3.7: Soil Moisture during Feb-2016 to Mar-2016
N Soil Moisture during Apr-2016 to May-2016
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Figure 3.8: Soil Moisture during Apr-2016 to June-2016
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Soil Moisture at Shallow Layers
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)5 Soil Moisture at Deep Layer
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Figure 3.9: Soil Moisture at Shallow, Intermediate and Deep Layers
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3.4 Soil Temperature and Crop Growth

Soil temperature is the most important parameter affecting growth of the crop. Plants roots are
sensitive to the soil temperature. In comparison to air temperature, the amplitude of variation in
temperature is much more pronounced because ofatygng characteristics, texture, composition, anc
organic material of soil. Soil temperature influences the germination of seeds, the functional activi
the root system, the incidence of plant diseases and the rate of plant growth. The daytim@exctuee

is more important than the nighttime temperature, because it is necessary to maintain the interna
water status to match the evaporation r@ptimal soil temperature for growth of wheat plant roots
during the vegetative stage is below 2@l is further lower than that for the sho§ig)]

Soil temperature is also an easy tool to predict the status of soil moisture content during va
conditions of air and soil t hroughout <cropabs
a particular depth indicates deficiency of soil moisture content and below normal soil temperé

indicates satisfactory condition of soil moisture content.

From the observed data, it is evident that generally, soil temperature increases graduatigreasing
depths. Soil temperature varies as soil moisture varies from depth to depth and timeTo tineasure
soil temperature, the soil thermometers were installed at different depths to monitor the thermal regi
the soil. The soil temperatigén degree Celsius () were observed and then recorded three times a d
at 0300, 0900 and 1200 UTC. The depth at which the soil temperatures were observed on daily
includes 5, 10, 20, 30, 50 and 100 cm depths. It was observed that majoomoentration centered

between 3@m to 40 cm.

Note: This soil temperature data is collected from the soil observations taken at Agromet observatc
RAMC Rawalpindisituated near theexperimental field of Arid Agriculture University Rawalpindi
Therefoe this data tells us a general status of soil moisture of the soils of the area (which is
irrigated) and not o f the cropds field part
important to note that any deficiency in soil moisturecdated by soil temperature data may or may no
be actually experienced by the cropds soil,

the crop several times during its life time.

During the crop season 2015-16, soil temperature remained moal to above normadt all depths during

most of the crop life, which favored satisfactory crop growth.
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Figure 3.10: Soil Temperature During Wheat Crop 2015-16

3.5 Heat Units Consumption during Crop Cycle

Heat units, Growing Degree Days, effective heaits or growth units are a simple means of relating
plant growth, development, and maturity to air temperature. Heat units are often used in agron

essentially to estimate or predict the length of the different phases of development in crop plants.

The heat unit concept assumes a direct and linear relationship between plant growth and temperat
starts with the assumption that total plant growth is dependent on the total amount of heat to whic

subjected during its life time. The heat unibs & particular crop on any day are the difference betwee

J
omy

ure.
h it i

2N

the daily mean temperature (T) and the base temperature (Tb) of the crop. Base temperature or Biologic

zero is the minimum temperature below which no growth occurs. The base temperature ofdthre
varies with different plants, and for the majority it ranges from 4.5 to 12.5°C.Here for wheat crop
temperature is 5°C. This concept assumes that a given cultivar requires the same summation (k)
daily mean temperature for going one phenwlalgstage to next stage, regardless of temperatu
distribution. Generally only positive values above the biological zero (Tb) are considered. The peric

negative value is termed as Adormant o becaus

In this study the effective method has been used for determining heat units which is represented &

following equation.
"WO=B"Y " =Q "WY> "Yand'@®WO=0="0 "WY< "Yo
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WhereT= Mean daily temperaturd@b = Biological Zero (5°C)k= Heat Unit[10].

Inter Phase period for wheat crop duringl206 and corresponding heat units at RAMC Rawalpind
observed at different phenological stages varies from phase to phase. Heat unit requirements of di
phases and cumulative heat units for the ¢rape been wded out, are shown in figure 3.Bhdtable

3.4. Total heat units consumed by the wheat crop #8# accumulated from gsarination to full

matuity in 159 days. On average 14h2at units were consumed by the crop per day. Normally the
heatunits are consumed in 140 days at the rate of 10.6 heat units per day, which shows that the
reached to full maturity almost in normal thermal time. From figutd B.is clear that crop consumed
normal to below normal heat unitom emergencéo stooting phase, above normal heat units during

headingto maturity phases were consumed so that these phases completed earlier than normal time
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emergence thirdleaf thillering heading
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maturity
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-
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Figure 3.11: Heat Units During Crop Life 2015-16
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3.6

Relative humidity (RH) is simply defined as the ratio of the actual amount of water vapor (grams) ir
unit mass of air at a given temperature to the mass of water vapor in the same sample of air whe
saturated at the same temperature. RH tellabotit how much a sample of air around the observing
station is saturated. It is expressed in percentage. For example if relative humidity of the atmosph
60%. It means that 60% of the atmosphere is saturated with water vapor or moisture and 40%

present moisture may be added more to saturate (100% RH) the atmosphere. RH is temperatu

Table 3.4 Heat Units Consumed by the Crop during Different Phenological Phases

Interphase

Period

No. of Days
Taken

Degree Days
(T-5°C)

Normal Degree
Days

Emergence

22.12.2015
To
03.01.2016

13

86.6

156.6

Third Leaf

04.01.2016
To
14.01.2016

11

78.2

173.4

Tillering

15.01.2016
To
28.01.2016

14

81.5

181.0

Shooting

29.01.2016
To
17.02.2016

20

160.7

165.0

Heading

18.02.2016
To
08.04.2016

51

7114

357.2

Flowering

09.04.2016
To
27.04.2016

19

372.3

180.5

Milk Maturity

28.04.2016
To
11.05.2016

14

334.4

166.6

Wax Maturity

12.05.2016
To
24.05.2016

13

342.6

206.5

Full Maturity

25.05.2016
To
28.05.2016

04

104.6

176.0

10.

Emergence to
Maturity

22.12.2015
To
28.05.2016

159

2270

1762.8

Relative Humidity (%)
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moisture dependent and may vary if moisture content or temperature of the atmosphere is change
always inversely proportional to temperature and EToiR¢4lculated with the help of dry bulb and wet

bulb temperatures fitted in the Stevenson screen.

The range of RH during the crop cycle is from 34% to 63%. Maximum amount of RH is tleingg

phasdallowed by third leaf,while minimum of RH is durig maturity stages.

3.7 Reference Crop Evapotranspiration, ETo (mm/day)

Reference Crop Evapotranspiration orod3 defined as the rate of Evapotranspiration from an extends
surface of 815 cm tall green grass cover of uniform height, actively growing, completely shading
ground, free from disease and not short of water. The standard method of calculatirgr&ised
PenmarMonteith equation. Using this method, &E calculated using data of temperature (maximun
and minimum), wind speedelative humidity andolarradiation.Solar radiationsra calculated with the
help oftotal bright sunshine hour daéda particular station. Sunshirdurationrecorders with sunshine

cards are used for sunshine hours recorditgy

During the crop season 2015-16, relative humidity remained ngc
below normal during most of the growing jwel. Below normaETo during vegetative stages of the crop
did not produce any harmful effects on crop growth due to in time irrigabeerall soil and air moisture

content was favorable for crop growth.

3.8 Wind and Crop Growth

Wwind also play significanttoe i n pl ant growth besides its rc
necessary for the movement of carbon dioxide to plant canopy so that normal rate of photosyn
continue in day time. Strong cyclonic or stormy wind accompanied by any seeatieer event like halil

storm, heavy shower may badly affect/damage the {1@p.
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During the Rabicrop period 2015-16, no such bad weather event was observed. Wind speed v

observed mostly normal and any significant wind speed accompanied by anywgeatrer event was

not observed throughout this period.

Table 3.5: Summary of some Meteorological Parameters during Rabi Season 2015-16

oty | W [ | O e [ e | S
Dec-15 0.7 67.0 01 1.1 9.02
Jan-16 1.0 72.5 08 1.6 12.6
Feb-16 2.2 57.3 01 3.1 6.1
Mar-16 3.0 62.1 04 3.9 168
Apr-16 4.1 45.6 00 5.8 198
May-16 3.3 38.4 00 6.4 218

3.9

The crop water requirement (ET crop) is defined as the depth (or amowmilesfneeded to meet the

water loss through evapotranspiratiomother words, it is the amount of water needed by the variot

Crop Water Requirement (CWR)

crops to grow optimally.

The crop water need always refers to a crop grown under optimal conditions, i.e. a uniform crdp, ac

Vas

1S

tive

growing, completely shading the ground, free of diseases, and favorable soil conditions (including

fertility and water). The crop thus reaches its full production potential under the given environment.

3.9.1

After determining ETo, the ET crop/crop water requirement (CWR) can be predicted using

appropriate crojgoefficient (Kc)

The crop water need mainly depends on:

The climatein a sunny and hot climate crops need more water per day than in a cloudy and
climate.
The crop type: crops like wheat or sugarcane need more water than crops like millet or sorgh

The growth stage of the crop; fully grown crops need more waterdiugs that have just been

planted [B].

Calculation of Crop Water Requirement (CWR)
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ETcrop = Kc. ETo or CWR =Kc. ETo

Crop coefficient (Kc) is actually the ratio of maximum crop evapotranspiration to reference ¢
evapotranspiration. For wheat, this ratio becomes 1 during the reproductive cycle (heading to

formation) otherwise it remains less thaneabng minimum values during the early age of the crop an

rop
grair
d

at maturity. The crop water requirement was calculated for the period from emergence to wax maturity

After wax ripeness practically there is no need of irrigation because the hot and dry cenaligon
desirable to achieve rapid hard maturity. A schematic variation of the crop coefficient related to diffe

crop development stages under normal conditions is given in figlOe

1.0 =
0.9 RN
0.8 > —
0.7 /4 = >
0.6 — =
£ 0.5 7
0.4 -
0.3
0.2
0.1
0.0 t t t t t
NOV DEC JAN FEB MAR APR MAY
NMonths
height less than 1000m a.m.s.lI
------- height at or abowve 1000m a.m.s.I|

Figure 3.10: Graph of Crop Coefficient (Kc) for normal duration of Wheat growing season
(Emergence to Wax Maturity)
The water requirements can be calculated in millimeters and they can be converted into cubic met

hectare by following equation:
10 mm = 1 cubic meter per hectare

Along with the loss of water tbugh evaporation and transpiration, the compensation of this loss
precipitation may also be considered. Normally most of the plants grow successfully and utilize wate
the soil at 50% and above available soil moisture. The maximum demand (dagpsaomal) may be

equal to the reference crop evapotranspiration (ETo) which is utilized through soil moisture [13].

During theRabi Season 2015-16 in Rawalpindj crop water requirement of wheat crop was observe
normal tobelow normal throughout the craggowth (Figire 3.11). It means that crop growth did not
suffer in any phase due to sharp rise in crop water demand. Thus the available irrigated and rain

fully satisfied moisture requirement of the crop, which resulted normal crop growth.
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Figure 3.11: Crop Water Requirement (CWR) during crop life
Table 3.6: Heat Crop Water Requirement during Different Phenological Phases
S. nter Phase beriog | No-of Days | ETo | *ETo | CWR=Kc CWR=Kc
No. Taken (mm) | (mm) ETo ETo

22.12.2015

1. Emergence To 13 13 36.0 12.74 14.1
03.01.2016
04.01.2016

2. Third Leaf To 11 11 33.6 11 23.5
14.01.2016
15.01.2016

3. Tillering To 14 16.8 62.8 16.8 324
28.01.2016
29.01.2016

4. Shooting To 20 34 42.5 31.62 50.6
17.02.2016
18.02.2016

5. Heading To 51 142.8 110.1 85.68 24.2
08.04.2016
09.04.2016

6. Flowering To 19 85.5 52.8 8.55 33.2
27.04.2016
28.04.2016

7. Milk Maturity To 14 68.6 42.0 6.86 33.2
11.05.2016
12.05.2016

8. Wax Maturity To 13 74.1 61.0 7.41 7.2
24.05.2016
25.05.2016

9. Full Maturity To 04 22 49.0 2.2 2.4
28.05.2016
22.12.2015

10. Er'sﬂe;fj:‘iism To 159 467.8 | 48938 182.86 220.8
28.05.2016
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3.10 Agro Meteorological Summary of Crop Cycle

Different meteorological parameters were recorded at various phases of whehtrorg@01516. The

impact of these parameters at different phenological stages of wheat crop is discussed as under.
3.10.1  Sowing

Wheat crop wasownon 1212-2015. Due to noravailability of soil moisture, as Rawalpindi is rainfed
region the crop was sown slgly late Daily tenperature waobserved mostly ermal and20 mm
amount of rainfall wagecordedbefore sowing which provided the required moisture conditions fc

sowing
3.10.2 Emergence

Emergence phase was distinguished by the appearance of spike algreeititeWVhen plant emergence
stage was completed; the field was divided into four replications. The mean relative humidity during
phase wa$4%. Mean air temperature during emergence WEE. Rainfall was not received at this
stage and 86.6 units beat were consumed to complete, which are far less than the normal heat units

the stage took more time to complete than normal..
3.10.3  Third Leaf

The mean relative humiditguring this phenological stageas72% andmean air temperature wag°C.
This stageeceival 41.6 mm amount of rainfall fom day. As the mean air temperatumasgreater than

normalduring ths stagetherefore cropdok lessmoreto completdts phase
3.10.4  Tillering

The mean air temperature during this phenological stagel®&% and mean relative humidity was

around74%. This stage receive?2l2mm amount ofrainfall for a day
3.10.5  Shooting

During this phase stem extension occurred in the crop. The mean air temperatdf2Qvasd mean
relative humidity wa$3% during this stage-ertilizer was added to the crop.rain spell of aboub3.6
mm for 02 dayswas experience during this stage whittl not affeceédthe crop and its furdér growth.

and the crop consumed normal heat units and completed on time.
3.10.6 Heading

It is the initiationof reproductive stage of wheat crop. The mean air temperatur&3t@sduring the
heading phase. The relative humidity was arob®th. A heavy spell of rainfall 187.enm in 16 days
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was experiencedhich favored the development aftanding cropand pest tiack was found. this stage
completed earlier than normal and consumed 711 heat units which are very high than normal.

3.10.7  Flowering

The mean air temperatudiiring this stagevas recorded ag85°C and mean relative humidity around

43%. Fertilizer was added time crop. This stage received 1ggnrainfall in 05days.
3.10.8  Milk Maturity

Seed formation is considered as the most impophahdogical stage of the plant growth. The mean air
temperature was recorded28C whereas mean relative humidity during this phase39%s This stage
experiencedl.2 mm amount of rainin a day During this stageamount of rainfallsuppored the

development of crop.
3.10.9  Wax Maturity

The mean air temperature wa$°’C and redtive humiditywas recorded a87% during wax maturity
phaseThe temperature range from normab&ownormal during this stagd his phasexperienced .4
mm rainfall for 03days.

3.10.10 Full Maturity

Wheat requires high temperature at this stage for matiifiszmean aitemperature recordetlring this
phase was 3T and the relative humidity wa&¥%. This stage experiencew rainfal, which favoured

the standing crogrowthat this stage.
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Chapter 4

CONCLUSION AND RECOMMENDATIONS

The crop variety Chakwal 9%as cultivated in the experimental field afniversity of Arid Agriculture

Rawalpindi The sowing time of wheat is a very important factor. The time of sowing of wheat is direc

related to yield and quality of grain produced.

According to Tablei 3.1 and Clapter3 (Results and Discussipnthe gop was sown slightlyate
Amount d seed cultivated per acre waB kg which is sufficient for the crop cultivated ecember
Fertilizer intake was also enough i.e., 1 DAP bag/acre and % Urea half bagfAlketime of sowing
and 1 bag Urea at shooting and flowering stagspectivelywere addedto the crop Rainfall received
amounting20.0mm was reportetbr a dayin December55.7mm for 04 days in January during early to
mid growing stagedn the month ofFebruary, below normal rainfall amaimg 46.3 mm was reported
for 03 days during shooting/heading stages. In March above normal heafall @amounting 180.1 mm
for 12 days was reported during headisijge During April rainfall amounting 15.1 mm for 08ays
reported fromheadingto milk maturity stages. Whereas rainfall amounting 26.0 mm for 05 days w
recorded in Mayfrom milk maturity to full maturity stageDay andnight time temperatures also
observed in normal rangBH was observedo be approxnatelynormal throughout the crop lifé\s a
result normamoisture content of soil in major root zone was observed during shtisé crop lifethus
contributingtonormat r o p 6 s g r o wt. Ng seridus masture [stress nwas observed during tr
crop growth. Total heat units consumed by the wheat crop wei accumulated from germination to
full maturity in 159 days. On average 1@at unitsvere consumed by the crop per day, which show
that the crop reached to full maturity in above normal tlaétime.From figure 3111t is clear that crop
consumed normal to below normal heat umitging the early stages of crop growth whereas fron
heading to maturity stageslightly above normal heat units were consumed so that these pha
completed earliethan normal time.

Excess of weeds also play important role in
moi sture and other soil nutrients and negat.
be resolved by proper andmiely use of recommended varieties of weedicides. Dug@g516
recommended weedicides operations were performed in time, which also eeidforcc r o p 0 s ¢

production
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4.1 Conclusions

During the Rabi season 2018, most of the air and soil weather parameters like air and s
temperature, crop water requirement remained normal to below normal during the crop growth
sowing to flowering stages, which favored normal crop growth. ldbamount of seed was sown and
normal doze of fertilizer was added to the crAmountand frequencyf rainfall wasin favor of crop
during shooting and maturity stagesich positively promoted the crop growtHowever rainfall in
April and May during vey crucial crop growing stages from milk maturity to full maturity affected th
standing cropvhich resulted inbelow potentialield of the crop.

4.2 Recommendations

Keeping above results and conclusions, following recommendations/suggestions are ginearodad

other related personals to enhance wheat crop yigentral Punjalas well as all over Pakistan.

171 Farmers generally plant wheat late in rigkeat, sugarcareheat, and cottewheat areas due to late

harvesting of Kharif crop which resulits drastic low yields because the crop is exposed to heat stres:

grain formation stages (milk and wax maturity stages) leading to the formation of shriveled grain. L

planted crop has lower germination, fewer tillers, smaller heads, shriveled gildiomaar biomass than
the timely planted crop. Any delay in planting would reduce yield drastically. To achieve good vyi
sowing of wheat should be completed up to the mid of November in the irrigated planes of Punjab.

217 Wheat plant water requiremerst inaximum during flowering and early grain formation stages (mil
and wax maturity stages) followed by vegetative stages. Therefore farmers and other decision n
should make possible the availability of irrigation water to wheat crop keeping thisiordérd to get

maximum crop yield.

31 Diseases, especially rusts (Stripe/Yellow Rust, Stem Rust, and Leaf Rust) and emerging sceneé
increased incidences of Powdery Mildew and aphid are major biotic stresses of wheat crop that
heavy losses wdn in epidemic form. A simple ongar disease epidemic could cause-& lllion-
rupees loss to the country because of reduction in wheat yield (an example ef8l8pilemics).
Therefore, breeders and pathologists should join hands to develop dissssstrand high yielding
varieties in order to cope with threats created by ever changing rust races by using approache

durable resistance. Farmers should use approved verities of pesticides and insecticides.

471 The frequency of extreme weather events like heat waves, cold waves, flash flooding, and F

snowfall has increased globally including Pakistan in the last decade due to climate change. Pakist

also been facing water shortages and drought gondifor the last several years due to lesser rains ar
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high temperatures due to global warming which resulted in hampering of wheat production bof
irrigated and rainfed areas. In order to minimize the negative effects of climate change and accomy.
global warming, drought and heat tolerant varieties need to be evolved in addition to the judicial u
available irrigation water. Researches should also keep focus on to update sowing dates due to late
of winter season and winter rainfall inost of the agricultural plains of Pakistan. Keeping in mind th
available water resources, it is also indeed necessary to decide suitable crops to be cultivate

particular region.

571 Farmers may be advised to be in contact with local and Federaulgral Departments and

Pakistan Meteorological Depart ment t hroughou
fertilizers to crop and before irrigation. It will help the farmers to get in time weather advices to de:
better way with anypresent or coming water stress condition and to get best results of fertilizer

irrigated water used.

61 Weeds being the main robbers of plant food from soil; space and even light required for wheat p
be controlled by cultural practices and irseaf heavy infestation, may be eliminated by application G

recommended herbicides and weedicides. This technique will definitely increase the yield.

7 7 Seed of high yielding wheat varieties resistant to rusts, smuts, etc. approved by Agricul
Department for a particular region in a particular amount must be used. Seed should be treated v
suitable insecticide carefully before sowing.

81 Timely application of nitrogeiphosphoric fertilizers should be done.

91 Care must be taken to check the prel postharvest losses of wheat. Hrarvest damage may be
checked from attack of birds, animals around wheat fields-HRogest losses must be checked from the
attack of rodents and other insects, pests and fungi. After proper trashing, wheat giach®asiplaced

under hygienic conditions in fields aml storage placeas well. Uses of powdered neem leaves in th
bags of wheat grains will also seemed to be useful, which is a traditional treatment for preservati

cereal grains.

107 Crop rotationis an important factor that enriches the fertility of the land, which should not

ignored. Pulses are preferred as they enrich the nitrogen content of soil for the coming wheat crop.
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