Journal of Applied Biological Sciences

[ |
IH E E E-1SSN: 2146-0108 15(1): 20-36, 2021

Research Article

LONG-TERM ANALYSIS ON CLIMATE-DROUGHT-YIELD
RELATIONSHIP; ESKISEHIR CASE STUDY

Zekiye Budak Basciftcit, ©= Murat Olgun?, “= Mustafa Yalcin?, ©= Hikmet Korkmazer?,
Nazife Gozde Ayter Arpacioglu?, =" Dogan Aydin?, = Okan Sezer*”, ./ Murat Ardic*,
Ismuhan Potoglu Erkara*, “** Onur Koyuncu*

1Eskisehir Osmangazi University, Agricultural Faculty, Field Crop Department, Turkey
2Afyon Kocatepe University, Engineering Faculty, Geomatics Engineering Department, Turkey
3Regional Directorate of Meteorology, Eskisehir, Turkey
4Eskisehir Osmangazi University, Science and Letter Faculty, Biology Department, Turkey

*Corresponding Author:
E-mail: oksezer@ogu.edu.tr

(Received 18™ July 2020; accepted 03" December 2020)

ABSTRACT. Inthis study, the structure of climate characteristics (precipitation, minimum, maximum and
average temperature, relative humidity), their changes by years, and analysis for drought and stress analysis
by SPI (Standard Precipitation Index), and for temperature stress by THI in Eskisehir province were
analysed. In addition, the relationship between climate factors and yield was determined by factor analysis.
Results showed that although precipitation appears slightly arid in the 50-year period, no excessive change
or decrease was observed on precipitation in Eskisehir. In addition, about 2°C increase was recorded at
minimum, maximum and mean temperatures. PCA analysis revealed that, the precipitations in March,
April, May, June, October, March-June period and total precipitation are closely related to grain yield in
wheat. When the mean, minimum and maximum temperatures are taken into consideration, the
temperatures in May and June, October and March-June period and June-August period are also very
effective in the development of the plant. Since, relative humidity is closely related to precipitation, relative
humidity in June, July, October, March-June period and August-November period affects the yield together
with precipitation. While there is not a big change in precipitation, almost 2°C increase in temperatures is
determined and this increase is the trigger of drought. There is an increase in evapotranspration more and
more, that expresses water loss from soil and plants due to the gradual increase of temperature on a 50-year
basis, it is highly probable that, the plant needs to use more water for transpration due to the increasing
temperature. This shows that due to the increasing temperature, water loss increases and accordingly, there
are gradual increases in drought.
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INTRODUCTION

Eskisehir is located in Turkey's Central Anatolia Region; it is surrounded by the Black
Sea, Marmara and Aegean regions; It is surrounded by Bozdag and Siindiken Mountains
in the north, Emirdag in the south, Central Asia Valley in the east and Turkmen Mountains
in the west. For this reason, Eskisehir is under the influence of the dominant climates of
these regions, and it shows a transition type of the Gateway [1, 2]. Occupying about 2%
of Turkey’s land, the size of the land area in Eskisehir is almost 13,500 km?. The altitude
IS 792 m; 22% and 26% of the total area in the city are mountains and plains, respectively
[2]. Eskisehir has the feature of land climate due to its geographical conditions,
elevations, landforms, and distance to the sea. On the one hand, proximity to the Aegean
and Marmara regions significantly affects the climatic conditions of Eskisehir [3, 4].
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Annual total precipitation average, minimum and maximum temperatures in the city
are about 360 mm, 11°C, -2°C and 25°C, respectively [4]. While December and January
are the coldest months, the hottest days are experienced in June, July and August. The
most obvious event showing the land climate feature in the city is that there are also large
temperature differences between 10°C and 30°C at night and day temperature. Rains in
Eskisehir are seen in the form of snow and rain in the winter. Since December,
precipitation is mostly in the form of snow. The weather starts to warm up as of the end
of April. Although snowfalls generally start in November and end in April in Eskisehir,
significant decreases have been recorded in snowfall in recent years. In July and August,
the Mediterranean shows summer drought characteristics [4, 5]. Wheat production is
generally carried out in dry agricultural areas in the world, and drought that is one of the
important environmental stresses, frequently causes serious problems in wheat production
in these areas.

Drought is a change or decrease in water availability in the climate, and the dry climate
refers to the regions with low precipitation. The severity of the drought event depends on
the proportion of soil moisture deficit, duration and duration of the affected area. Besides,
drought is one of the most important abiotic stress factors in bread wheat, and it is the
most important factor limiting crop production in most of the agricultural areas. Most of
the annual precipitation on drought prevailing areas in Eskisehir falls between November
and April. Although there are arid periods in different plant growth periods due to the
insufficient amount/ irregular distribution in precipitation, drought stress, that generally
starts at the flowering and increases its effect in grain filling period. Moreover, mean,
minimum and maximum temperatures prevailing during the wheat-grow season
significantly affect the growth performance and hence crop yield [5, 6, 7, 8]. Therefore,
precipitation and temperature are extremely important climate factors on wheat
production in dry farming [5, 9]. In regions where continental climate prevails,
September-November and March-June precipitation, snow-free in December-February
and low temperatures below -10 / -15°C, low temperatures below 0°C during the
flowering period and high temperatures above 30°C greatly damage plant growth in wheat
[3, 10, 11, 12, 13]. Therefore, it is very important to reveal the common characteristics of
the prevailing precipitation and temperatures throughout the plant development circuits,
to carry out a successful breeding program in that region, to develop novel genotypes and
to maintain a healthy grain production [3, 14, 15]. In this study, the structure of climate
characteristics (precipitation, minimum, maximum and average temperature, relative
humidity), their changes by years, and analysis for drought and stress analysis by SPI
(Standard Precipitation Index) [5, 16], and for temperature stress by THI (Thermal Heat
Index) [17, 18] in Eskischir province were analysed. In addition, the relationship between
climate factors and yield was determined by factor analysis.

MATERIALS AND METHODS

Having a surface area of approximately 13,500 km?, Eskischir is located between 29-
32 degrees east longitudes and 39-40 degrees north latitudes in the northwest of Central
Anatolia Region. The city is surrounded by Bozdag and Siindiken Mountains in the north,
Emirdag in the south, Central Asia Valley in the east, and Turkmen Mountains in the west
(Fig 1). Therefore, the influence of the dominant climates of the Black Sea, Marmara and
Aegean Regions are seen. Annual total precipitation, mean, minimum and maximum
temperatures are about 360 mm 11°C, -2°C and 25°C, respectively.
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Fig. 1. Map of Eskisehir province.

In our study, precipitation, minimum, maximum, and average temperature and relative
humidity data of Eskisehir were obtained from Eskisehir 3" Regional Directorate of
Meteorology and 49-year data (1980-2018) were used. The arithmetic mean was used to
calculate means. Wheat yields (2004-2018) were taken from Turkey Statistical Institute
(TSI). Standard Precipitation Index (SPI) [5, 16] for the precipitation and drought analysis
and Thermal Temperature Index [17, 18] were used to stress analysis of temperatures for
Eskisehir. Excel 13 package program [19] was used for the classification modelling of
precipitation and temperatures, and the necessary information is given in Table 1. Spatial
analysis and all cartographic designs made in the study were carried out in ArcGIS
software. Besides, interpolations were made according to the IDW (Inverse Distance
Weighting) method [20].

Table 1. Data on classification and modeling of precipitation and temperatures in
Eskisehir province
Standard Rain Index (SRI) and Classification

SRI = Xi — Xmean/«a SRI: Standard rain index, Xi: Normalized amount of current annual precipitation,

Xmean: Average rainfall in the selected time interval for each station, a: Standard deviation of values for each station over time.
Class Index Values Class Index Values

Extremely Dry <-2,00 Slightly Rain 0,00- 1,00

Very Dry -2,00- -1,50 Moderate Rain 1,00- 1,50

Moderate Dry -1,50- -1,00 Very Rain 1,50- 2,00

Slightly Dry -1,00- 0,00 Extremely Rain >2,00

SRI Modelling Formula
SRI:IF(XVaIue<:‘2;"E)(tremely Dry";IF(AND (XVaIue>'2;XVaIue<:'1v5);Hvery Dry";IF(AN D(Xvalue>'1x5;XVaIue<:'l);"
Moderate Dry"; IF(AND (Xvae>-1; Xvae<=0); "Slightly Dry";IF (AND (Xvaue>0; Xvawe<=1); "Slightly
Rain";IF(AND(Xvaiue>1;Xvae<=1,5);"Moderate Rain";IF(AND(Xvaie>1,5;Xvane<=2);"Very Rain"; IF (Xvaue>2; "Extremely
Rain";"")))))))

Thermal Heat Index (THI) and Classification
THI = (1.8 X T + 32) — [(0.55 — 0.0055 X RH) X (1.8 X T — 26.8)]
T: Air temperature in°C , RH: Relative humidity in %.

Class Index Values Class Index Values
No Stress <66 Heavy Stress 80-89
Slightly Stress 66-71 Extremely Stress >90
Stress 72-79

THI Modelling Formula
THI=IF(Xvawe<=66;"No Stress"; IF(VE (Xvaiue>66; Xvaue<=71);"Slightly Stress"; IF(VE(Xvaie>72;Xvae<=79);"Stress";
IF(VE(Xvaie>80; Xyane<=89);"Heavy Stress";IF(Xyaue>90;"Extremely Stress";")))))
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RESULTS AND DISCUSSION

Drought is a phenomenon that creates significant results in agricultural production and
causes serious problems in production and thus in the economy. The development of
drought could take many years and its results could be serious and costly. The negative
effects of drought are felt in the world due to climate changes. In fact, studies stated that
the prevailing continental climate affects plant development negatively due to the
increasing drought and temperature and there are significant decreases in crop production.
In addition, drought intensities and duration in the world will increase [5, 7, 8, 21]. The
49-year climate data (1980-2018) of Eskisehir are evaluated in five-year periods, and the
minimum, maximum, and average temperature and relative humidity changes are given
in Fig. 2. Again, the evaluation of precipitation and mean temperature values for the 1980-
2018 period according to SPI and THI index are given in Table 2, minimum and
maximum temperature and relative humidity values are given in Table 3. Moreover, based
on the period of 1980-84, the % increase and decrease in the minimum, maximum, and
average temperature and relative humidity data in the next five-year periods are shown in

Table 4.
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Fig. 2. The 49-year climate data (1980-2018) of Eskisehir province are evaluated as
five-year periods, for minimum, maximum, and average temperature and relative

humidity.
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Despite the increase in rains in the March-June period and December-February period,
it has decreased significantly especially in the June-August period. Although similar trend
is observed in relative humidity values, the variation in relative humidity values was not
as high as the precipitation. Fig. 2. Periodic increases and decreases in precipitation did
not occur similarly in 5-year periods, decreased considerably in some periods, and
therefore there were wide variations between 5-year periods. Analyses in terms of mean,
minimum and maximum temperatures, almost all similar impressions were seen at mean,
minimum and maximum temperatures and typical continental climate characteristics
appeared as an increase in the temperatures from February to July and a decrease towards
December. Therefore, the highest temperature was determined as July-August and the
lowest temperatures as December-January during the long-year period examined (Fig. 1).
In Table 2, precipitation and average temperature values, SPI and THI indices are
evaluated in 5-year periods. In the 1980-2018 precipitation period according to the SPI
index, March, April, May, October, November, December and January are slightly rain;
February, June, July and August are determined to be slightly dry. When evaluated all
year, Eskisehir province is assumed as slightly dry with 362,36 mm. When monthly
periods are analysed, it was determined that the months of December-February and
March-June of June periods emerged as slightly rain and August-November period was
slightly dry. Although some periods are slightly rain, droughts occurring from mid-May
and June, cause a decline in the plant's development, grain filling period, and therefore
low precipitation leads to diminutions in the photosynthetic ability of the plant and
hinders reaching the desired level in crop yield. It has been revealed that plant
development and therefore crop yield in dry farming are closely related to precipitation,
and that increase in crop yield also takes place with the increase in precipitation in April-
June period, called as plant development period [3, 14]. When the 49-year-long period is
analysed, it was observed that the precipitation with 360.42 mm in 1980-84 period, was
similar to the 2015-18 period with 395.65 mm, and variations on precipitations in 5-year
periods were not much. However, the change in the five-year periods was determined to
be more on a monthly basis. When the mean temperatures are analysed, during 1980-
2018 period, great changes did not occur and similar synchronizations occurred on the
basis of both months and five-year periods. According to the THI index, although slightly
stress was observed only in July and August, no stress was observed in the other months.
The important thing is that although the stress is not observed, a gradual increase in
temperature occurred from 1980 to 2018 with almost 2°C (Table 2). The increase by years
for mean temperature occurred mostly in March, April, June, July and August. When the
long year period is examined in terms of minimum and maximum temperatures in Table
3, an increase in minimum and maximum temperatures are similar to the mean
temperature with 1-2°C. The highest increase also occurs in March, May, June, July,
August and February. This reveals that; due to this increase in winter and spring, an
increase in temperature continues towards a milder winter and a drier summer.

24



Eskisehir Case Study

Basciftci et al.: Long-Term Analysis on Climate-Drought-Yield Relationship

2438 0N SS24S 0N SS241S OA! $S2.418 0N SS24S OA! SS2.4S 0N SO ON §$2.438 0N SSo08 Apysys  ssous Apysyg SS24387 O SS24S 0N SS9 0N SS24E O] SS24187 ON; SS24S 0N
OL'FT 99T LTT £E'TT 8'T S£'9 [ {4t 88°LT (1§44 8TTT 9€°6T 0£'ST 18°0T $8's 96'T VBRI
SSANS ON SSANS ON SSLIET ON SSang S$243S" ONF SSP4IE ON SSPS ON SS2438" OA! ssans Apylns  ssaus dpyling S84 OA! SSR4IS ON SSARS ON SSR41S ON SSAH8 ON
Tyl #1°91 0%°C oLzt S8l 8L 0F€1 £1°0T 74 8T€T 0z'oe %91 94d| SE'8 £1'g 8I-€107
SS24S 0N SS2E 0N S$D41ST ON SSAHS 0N SS2438" ON1 SS248 ONF SSP4E 0N SS2418T ON7 ssou$ Apyfyg | ssong ApySys | ssang dpyfing SS2438T ONF SIS O\ SS248 ON SSDET ON SNAHE ON
SLSL oL'st $8°C 1§21 8€'¢ 86'L $FTL 91°61 8€°€T THET 0£'0T 7991 0L°11 9r'9 8€°¢ 08°1 ¥I-0107
SS2.438 0N SS24S ON SS243ST ON! $82.498 0, SS2.0181 OA! SS248 ON SSIUT ON $S24381 0N ssoug ApySys | ssous Apysyg $S2.438' O SS24S O\ S$248 O\ SS248 ON SS248 O\ SS248 0N
or'sT ST'ST STT €9°1T 81T w9 80°€T 99°L1 WET 957 0Z'0T TLST 9L'01 05’9 8€°T Tr'o- 60-5002
SS24S 0N SS2.4S ON SS2.438 ON S48 ON SSa438 ON §S2.48 ON SSOUS ON SS2.41S ON ssayg Apysys | ssous Aqpysys SSa4S ON SS24S ON SS2435 OAT §S2.4S ON SS2.45 0N S48 0N
P01 o 79°01 ¥z 86°S 61T T0°L1 ¥T'1T 8€°7C 00°61 9¢p1 96 'S ¥L0 9¢'0- P0-0007
§S2.4% O\ SS241S ONT S82.4% OAT $83.435 ON §S2458' 0, SS24S ON $S2.435 ON ssaug dpysys | ssaus dpysys $S245 ON §S24385 ON $52.48 ONT §S241S ON S52.435 ONT §52.48 ON7
wen L0°T 8P'0T 'S 96°0T Tl pLOT ¥T'IT 0t'81 961 8’8 e 08°T 01'1 6675661
§8244S 0, SS2415 ON S82.4S ON $S2435 ONT $S245 ON $82.415 ON' ssang Apydys | ssaus dpysys $S2415 ON $S2435 ONT ss2.48 0, $S24IS ON S82.435 ONT S80S ON7
16°CT L6~ $0°01 9L’y r9TT 011 Iz 80T 90'81 [2A0 v0'0l 90's 890" oy $6-0661
$53438 0, $S241S ON §82435 ON' $534S 0f $82455 ONT SS2435 ONT 85288 ON $82.435 ONT ssans dpydys | ssang Guysys SS2415 ONT $52435 ON $$248 ON SS2435 ON S824}S ONT S84 O\
SIpL 9E'p1 61°1 Pl 89°c ro‘ol T6°LI 9¢°CT 88°1T 96'81 0671 98°11 (44 8T°1 960 68-$861
ssa8 ON 882415 ONT SS24I5 ONF SSIS OAS SS243 ONT $S24S ON SS2S ON SS24IS ON SS243S ON SS24S ON SS24IS ONV S80S ON SS2435 ONI 53418 O S58S ON
Pl £5°El 6F°1 7Ll 08's 00°€l o] 0€61 8661 0881 RES1 00°6 o' 96°L 820 ¥8-0861
"AON-"BNY INP-TIE Qaf-33(] WEd IBdX [TV FENTTEREN] IAQUIDAON RGOPQ Tequiaydag snsny Amr dunp e Tady YoIey AIEnIgay Arenuep dun j, uedjy
SR Lq s uimy Gryes  wod sy R A T e R B T e Ta Gy T GRS TG GyTs  wmy gy amy Apgeys oy Gyeys  oa iy upy Grfs
SSET 60°TE 065¢ 07°0¢ 89°€h 89°€ 6LEE SEFL [ £EPT 8167 68Tk 89°TH SETE €787 6L'SE ur
S956¢ Lug dppng wioy dpyng | wwy pusys woy dpyng L Spysys gt Apagys: L dpyiing g Spysys g s &g Gupins | wvy apapopy | winy avaspoyy | wny Apiys iy Suysys &g Spys: woy dpyns 215107
= $9°CC SLTE 1126 X43 09'ST £€°0T 05°6T £6°01 $8'6T £6'81 £5'59 €6'bS 0LFE $9'9¢ 0F 6T ETH
06'S68 Y SpHEHS &aq Spysys o pysys Yy ApySys | iy omaopoy; | uq SpySns wmy 412, g Spuss Ao Spysus dsq Spudys uwy pydus | wmy ApySys | wwy Spydus | wmy dpydys | wmy dpyfns wpy psys 10102
6:% So'Tr 99°8T €18 66°TE or's9 09'S1 06T 0LZ8 00°LT 0$'L 0802 IT 0051 or'se 08's 09°E1 L
G 41 S g Spgsing dug GrySug wwy yySis | uwy amiopopy | umy apaopopy | uwd GpSys uwy diog uwy Suydiys | uwy Qs wwy QpySys | wmy Quiys | oy udys | wwy awaapoyy | oy dpySis eth
R 09z bLiT L85¢ bI6T 98¢ Tk ~oc0e 984T ) sl 199 09T 81°¢ sshe 9zLE TN
0608E &q Apudng upey Apydus | wen Apudns A1q Anudys ngey Anysus Laq Anusys Lia Apusng Liq Anusus A1q Apydus Aaq dpudns ugey Anusys WY A1A Liq Apusns wey Apydus $0-0002
S6LT 9°1E 99'€€ $5°4T $6°TS 9€6T 8281 96°<T 0T'01 00°ST 91°9¢ 09°TL 90°LT 6°0€
or'goc g Apysns wpy ApySys | umy Spudns oy Apysns oy SpySys g Spudus Y Spysys Aag SpySis Aeq pyds Mg pydns g Apy3is oy ApyEns umy Apsns wmy Apy3ns Ao SpuSys wy Apysis 66-566T
7844 IR'TE L6'pE R9°0€ 9L6E 09°sT PE6E 8107 8LEL [0 0L'6T 9Tt Elixa 00°¢E 8T TULE
08262 dug GpSug &g g uwy iy ALaq Grysng Ly Apysys uiny aAnapoy; Lg dpying dagg mwadpoyy | Laq amaspogy | Lag avaapopy | lag Aveapop vy Py i Gupiys dagp Gppiyg uiny {ppiys | wiwy aadpogy
0LTC 9T8l 84T 05°ST 00°€9 oFIT o't 00°¢ 08°[ 069 08°9¢ 4 0€'61 06°€¢ 0£'9¢ F6-0661
' o ApyRys A pyys o pydys | wnny amaopoyy | wmy SpySHs umy Apyfys | duq amaopos | g avaopopy Ao pyds unf Apyng umy Apysys Lo Apydys umy Spysys L Spyds umy Apyiys 68-5861
961 78T ; [ 79'¢¢ e 0s°zE W v RLL R0°TE 08°LE 8L°3T e 0532 0z9r
H9e A Grysus oy pySus | g pusys &g s woy duysys | wwy dpysys &g dpySns Lq spysys Lo oSS dag s A ApSus oy ApySys | wwy apaopoyy | wwy ApySys | wwy Qnys woy pyss
il 1L'5€ LTLE 0°0g wy 86'2¢ 95°61 00°6, ix3 8021 91'81 99'tt F9S 09'6€ 05°08 08'6¢ FR-0861
TEyarey (2101 “AON-ENY Amp-goasy QOI-2q UBI ABIX [TV QUG IMGUIIAON] 139000 nquydog suiny Amp sunp Avpy ndy PTEREI O Argniqoy Aremusp mejureyy

Xapul [HL pue |dS 8y 0} buip.aodoe
‘8ouIn0.d 1ya$1ys7 10 (8T0Z-086T) Blep alewl|d waal-buo] uo senjeA ainjedadws) uesw pue uolyeldioaid seak-anlq ‘g sjqeL

25



Eskisehir Case Study

Basciftci et al.: Long-Term Analysis on Climate-Drought-Yield Relationship

0T°rY w1y €1°8L 6L°6L LYEL pLLY 66'8S 0F'9S 86°SS 00°6S 98°19 PI€9 IS°LY 8vpL £1°08 uBIA
0T'r9 w19 €1°8L 8€°78 0T°€L €F°0L $8°8¢ £€°T9 89°LS 0869 €79 89°LS 8TLY 86°SL 87°¢8 8T-ST0T
£9°€9 0519 99°6L or'I8 W8T TE0L LS 6°€S 876§ 81°09 9L°09 98°€9 0F°L9 0S*L 80°€8 FI-010T
8619 6L'YS 8tLL 88°6L 00°9L 98°69 9°LS '8y 89°Ly 96y 8K 06°9§ $2'59 vTvL TE8L 60-S00Z
05°8S $8°¢S LSTL 9S'EL 0L°s9 8£09 06°SS 0TS 8L°9% 81°8¥ 01°s§ 8909 8F'8¢ $1°89 00°€L #0-000
6059 0€'S9 £9°9L P8'LL v6'TL 79°L9 70°19 9L°8S 90°8¢ r9'v9 98°69 96°L9 00°0L PUEL T6°8L 6675661
T1'99 SP's9 16°6L 79'18 op'SL 8L°LY or'19 78'65 82°09 8679 r1°L9 T€°89 T5'89 YLLL 9¢°08 $6-0661
LS°L9 19%9 6708 00°¢8 YEBL 9L°TL 0r'19 9LLS 06°8S 91°€9 909 p1°€9 8LEL 09°9L 9718 68-5861
6£°59 $5'€9 SE6L T5'6L 8°'pL 89°L9 T8 #8°09 89°09 TL'68 87'€9 rLb9 T€'69 00'9L 7518 #8-0861
*AON-BNY  Ap-gaaey Q3 1-93( UL IBANV JOqUIAIA(  JOQUIDAON 13400  Iquaydag ysn3ny Amr aungp e dy [EXCITY Areniqag  Axenuep WN Y
S6°1 00T ¥8°01- Tl 196" 69°G- ¥T1- 9Ly 866 $8°6 1899 97T 0T 06°9- TIT1- TLTT- UBIA
9b°s €S £1°8- 00T 86°9- S6°1- SE'T £9°8 08°T1 £FEl ST°0T 89°C 81°0- 8¥°T- 0L°9- 0L°01- 81-S10T
98°t w6y 0g°L- S8l vSs- 81~ (4] L PLEl Pe'EL 8C°6 €9 8L°0 zLs- 85°8- 8L~ YI-0107
Py 69°¢ 1+'01- 8£°0 9L°8- Y61 89°T 00°L 091 89°TI 0£°'s 90°c 011~ 05°¢- 01‘01- 9€°T1- 60-500Z
£5°0- ST0- £9°¢T- 69°¢- 8S°p1- L 9T 88°T 0S°L 958 'y 99°0 96~ $6°8- 09°T1- 0LY1- #0-000C
19°0- €0~ 1= rle- 90°6- $9°'8- 96°C- w61 ve'L 99°L 98y 50 08°s- ol'6- pe'el- +¥T'I1- 66-S661
LO0- $0'0 00°¢1- 97°¢- 8€°TI- 9L~ 95°Z- 91T 8S°L 80°8 0Ty 800 8L¢- 0r's- bLET- 88°CI- 6-0661
£6°1 S6°1 SOI1- 1€°7- 08°6- 8T's- 781 86t P86 8001 OL‘L 96°0 850 956~ 98°11- 8¥°11- 68-5861

(4! SL'L LO°LI- LS°1- [aXS 26°9- L1~ 81°c 016 ¥L'L 00°L ¥6'1 0L°0- 29'9- 09°11- 9T'Tl- ¥8-0861
FAON-BNY  ALOIey Q3193 UBIW IBIA Y  JIQqUIAIY(J  JOQqUIIAON 1qo0  Iaquaydag sn3ny Amy aung Le[y mdy PIB]A Leniqagy  Arenuep ~dwmas Jury
PE°8T LS'6T 6I'PT T€°ST 69°€T 9L°61 95°97 65°T€ LS'PE 18°S€ 8L'EE 9€°0€ 98°ST $0°T7 P91 99°TT Ue3A
91°6T 9z°0€ €LYl 10°92 orTL SO°IT 8797 09°b€ €LPE 06°9€ ST'EE ANt 86°LT €0°CT SL8L £0°El 8T-ST0T
89°8C 05°6T £9°¢1 9L°sT ST 98°07 88°6T 79°T¢ PESE 98°9¢ 0€'vE 9687 vh'sT $6°1T 991 861 YI-0102
188 8€°0¢ 9L°T1 SH'sT el 0€°0T 90°LT 0r'ze 8F'SE T6'rE 96°6¢ 96°T€ 96°6T 88°€T 9'¢1 $TT1 60-S00T
T'8T $6 L'yl ST '€l 881 69T 0€E (443 T9¢ (43 71 8'sT €1z vLl S'El $0-000
89°8C 05'6C £9°G1 9L'ST PH'SL 980T 88'ST 79°CE PE'SE 98°0¢ 0E'PE 96°8C ST $6°1C 9991 86't1 66-S661
¥9°LT 9188 811 1S 9°TT 18°81 75°9Z 66°T¢ yT'ee 9°rE $8°T¢ 05°67 £7'ST 9917 LY'ST P11 Y6-066T
0087 0Z°6T £0°pT 10°$T P6°TL 7581 71°9Z ¥T'TE 80°SE P1°GE TETE 8E°0€ #9°9T $S°IT [AVWA 20Tl 68-5861
6T'LT £5'8C ££°C1 20T 0€'TL 0161 06°9C FL1€E ov'LE 71°PE 8€°cE 79°8C (4474 8L°1T T8°€L 98°01 ¥8-0861
CAON-BNY AN L-PIIRR] qa4-93@ VeI JBIANY  JIqUIAN  JIQUIAON 13010 Tqundag snany Amrp aunp KRl nady IR Areniqag Lrenuep ~dura p"xey

aouinoad

11y2$1ys7 10 (8T0Z-086T) ©I.P 81ewi|d wisl-Buo] Jo sanjeA Alpiwny aAlre|a. ‘ainjeladws] WnWixew pue wnwiulw sesh-sald g ajqel

26



Eskisehir Case Study

Basciftci et al.: Long-Term Analysis on Climate-Drought-Yield Relationship

9L1- 78°1- 98- 89°1- L €70 vEl- 0Z°0 L8°0 8 €L'S- 6+°0- St1- 60°C- 80°T- 6v°T- UBIA
200 61°T- €1 17T €0 98°C LT SLT £9°0 670 10°¢- 809 SI'T LOL- 0T 9LT $1-S10T
ee'l- LLTF S0°T- 1£°0 9¢°1- 88°1 00°z- 9T 8L°0- 76°9- ots- 9t°0 ST 88°0- 61~ 95°0 FI-0T0Z
SI'g- 1€ 9L°8- L8°T- ST'6- 9¢°0 81°1 81 09°0- wel- 00°€T- 80°01- 08°8- v8'L- 80'p- 0T 60-500Z
ST'8- 68°9- 0L6 8L°L- 87°8- 96°S- 6" 0€'L- e 78°8- 06°€T- pSII- 81°8- 90t~ +8°01- 75°6- £0-0002
o 0£°0- 9LT 1L $0°0- 89°T- 88°1- 90°0- 08T 80°T- 9T 6 85T TT'e 89°0 98°C- 09°¢- 66-5661
SI'l €L°0 06°l 950 LI°L or'e #9°0 01°0 81°¢ 20°1- 0r°0- 9T'¢ 98'¢ 86°C 08°0- vL ] 9l ¥6-0661
[ 8I°C 90°T ¥6°0 oF'1 8¥'€ (453 80°S 8I°C 80°¢- 8L1- 2 8L0 09°1- 9F'p 09°0 9T~ 68-5861
UBIA CAON-GNY  ANE-JAIBA  q3J-33(0 TEIJ TB2X [TV QU JIqUIIAON J3q0)dQ  Jaqumdydag jsnany Amr aunp ady IIBA] Aaenaqag  Aienuep WY
[Tall LIT LTT S0°T 6E°T [$3 8L°0 £5°0- 0T LEE 08°1 97°0 0L'T I8°1 970 S97 L1T [T
00T 88°1 £8°T (54 66T 0r'o S6'1 £9°0- 98T €€°¢ 9L'T £1°0- 154 9L STO €6 LTT 8T-ST0Z
LLT 6¢°1 LOT 0¢'e yLT yI'e 9L’ 01~ 88°0 ¥6°€ wUue 760 ¥€°0 | 91°0 ¥9°C (484 yI-0107
o'l £5°1 S6'1 €70 341 'Y 0Z'1 91°0 990 80y 8L°0 8I°C PEe PEl 01T 0z'0- 8€°0 60-S00Z
9€°L 16°0 80°1 PET PEl 9L'0 ¥E0- $0°0- 9Tl 9LT 0r°c 9b°0- LT 95°1 750~ 9°¢ ¥9°C $0-0002
LLT 6€°1 LOT 0€°e ¥LT yI'e 9L'1 20°1- 88°0 ¥6°€ wUe 760 ¥€0 44 91°0 ¥9°T iy 66-5661
050 9£‘0 6£°0 $8°0 6+0 T€0 67°0- 8€°0- ST'0 $8°1 0s°0 £6°0- 880 e | zr'o- S9°L 85°0 ¥6-0661
00°1 1L°0 8L'0 0L'T 660 $9°0 85°0- 920~ 050 89°¢ 00°1 90°1- 9Ll U ¥'0- 0g's 911 68-5861
URIA “AOD Zu.ust‘ AINE-POIRTA [EX il UBI JBIA [V IR_QUIdR JIQUIDAON J13qo10 hQnEOwnom am.=u=< Amp aunp hsg —_.-Q< YIIRTA hu@?—ﬂ_u q Kaenug r ~d W I, "XeTA]
£5°0 8L'0 Pr0 6£°0 $5°0 ST0- 65°1 690 0£°0- PIT 9Tt 90°0- €50 W 110~ SL0 L9°0 uesIy
9s°e POt LS°E v6°C LS°E LET L6y S0t SP'E 0L°¢ 679 SI'E PLE €5°0 ST 06t 961 8T-STOT
w'e Sr'e LIS LL'E I¥'s 08‘c 80°¢ e T ¥0'y 07'9 87T 8€'y 8¥'l 08°1 20'¢ ki d YI-0T07
£6°T 6T ¥6'T 99°0 S6°T 850 86°1 8€°¢ 8T 0s'y 1294 0€'T T o¥0- Tl'e 081 01°o- 60-5007
€1 P6°1- 00T 95°C- (A b ¥e's- 0€°0- 95T 0€°€- 09°1- Tl 88°C- 8C°1- v6't- TEC 00°0 faaal #0-0002
bS'I- £0°C- 90°Z- S10- LS'T- 870 - 9T'1- 97'¢- 98°T- 50 1T W 08°t- 8F°C- PLT- T0°1 66-5661
0L'1- 6¥°1- - £6°T- 69°T- p0'€- $$°0- 98°0- 70°¢- 5T 760 08°C- 98°1- 80°¢- 8L°T- yI‘C- 90~ $6-0661
970 50 0z'0 200 9z'0 9+°0- ¥9°1 zro- 0Z°0- ¥L0 ¥6'C 0L 86'0- 8T°L 6T 9Z°0- 8L0 68-5861
WeIAI CAON! .M=< >—_.- [-YIIBTA PRI TeIW ILAX TV JRQURR(Q JIQUIIAON J13q0300 .-@ﬂ-:o«&am «w_._m-—< 25 Iy unp TAL =\=~< YAIETA h.—a:.uav x| Aenue r .QEQ.H.EE
¥S'0 6+°0 80°1 €20~ 95°0 £0°0 SH0 ¥8°0- S50~ 06T ST'T 08°0 ¥I°0- (AL 18°0 01°0- 19°0- uB3A
S6°T 36°1 09T 16°0 161 €10 007 0t°0 69°1 X3 0€°e oL 70T [Sa3 353 LT'E 9670~ $1-5107
LLL 9°1 LI'T LEL 8L°L 99°1 81°C 50~ o 80t e 08°1 ¥T'l oL'c 99°1 Thl 201 ¥I-0T0Z
88°0 960 9°1 $£°0- 160 9K0 wo 800 8L°0- 484 85T 0Ll $E0 9L°1 0Ll 86°0- 060~ 60-5007
v10- 010" £9°0 SET- 110~ 8P°1- 81°0 80°T- W 76°1 o'z 050 0°T- 790 790 - PET- $0-0002
£2°0- 28°0- LT~ 85°0 20~ 85°1 90~ $0'C- 0T i 9T'1 01'0- wo- 28'0- 8S°1- 91°0- TE0 66-5661
€L°0- £2°0- 10°0 9T 690 pLT- $0°1- 9€°0- PET- 81 ¥8°0 $¥0- v9°I- $0°1 970 ¥9°Z- 00°€- $6-0661
90 700 £8°0 620" 870 8€0- zro- 9€'T- 750" 90°¢ 06°'1 97'0 80" 98°C 85°0- 89°0- 81°0 68-5861
UBI AON-NY  Ap-yoaely Qo g-23Qq TEIW I8 X [TV QU JIQUIIAON 1qepo Jquaydag jsnany Amp aunp Kepy mady [FEXTa T Areniqa Kienuep cdun uedy
8€0~ 19°L £8°G- 91T~ €70~ S6°0 [ 0L'6 901 67°S PSS [ £8°L- ¥6°0- €E01- LIS LT UBA
9LT yI°S $0°9 91°¢- ¥6°T T6°ST- 99°C1- ¥66 €6'T €€1 81 LESH LTL vEIT- 6T or°T- €51 8T-ST0Z
06T PSHT S0°L- P16 96T 8T 8€°L1- vE€T OLEL 881 866" PETS 9"z P01t~ 091~ 0LYT- 079z rI-010T
08°0- S5'8 L6'L- 1L7- 06°0- 99°9- 8Tyl vEl 98°81 0€°0- or'c 8I°S 20°11- 00°0€- w'9- 80t ¥ST- 60-5007
SH'T- [340] 80"t~ 19°¢- 9T 911 79°¢- 8T1T- 96t 89°T 80°C- L8 0S°T1- 9591 89°¢1- P T 98°8- #0-0002
S9'0 1z'L ¥8°C- 0€T #9°0 9L°l- 8€°L- 8L61 8I°LL 9T's 9L°9- PS°11 09°1 86°¢L- 09°9- 9T 89°C- 6675661
€6 61°S SHLI- 671 TTS- 20°91- 20°0€ ¥8°1 09°s- A 8T'¢1- 9Z°11- 98°01- vs6C- 0€°0T- or'e 0591 ¥6-0661
6L0 STT 8F'L- 08°S 66°0- 011 7s'9 ¥6Tl 86°9- T6'¢- 0€'6- 6'€l 98°6- 9T'LT- 88°1~ 00°C- 0F9 68-S861
UBIA CAON-SNY  AMPPIBIA qIJ-33(0 TEIJA[ T8 X IV EELTUERET SR ET [ EXYTN 13qo)Q  Jaquadag Jsngny Amp aunp L7 nady RETSTY Axeniqag  Axenuep Mejurey

% S% 18-0861 03 pa1edwiod pue pg-0861 U pased

SPOLIad JeaA-aAl) Ul elep AIpIWNY aAlR|al
pue ainreladws) Uesw ‘WnwiIxXew ‘wnwiuiw ‘uoiendioaid ul sasesldsp pue sasealdul 9% '8-086T JO poliad ay) uo paseg v ajqel

27



Basciftci et al.: Long-Term Analysis on Climate-Drought-Yield Relationship; Eskisehir Case Study

Buisn apew dew palA 1eaym pue (Aipiwny aAle[al pue ainjesadwsl uesw ‘wnwixew ‘wnwiuiw ‘uonendioaid) syewr D g 614

‘poyiaw (Bunybiap aauelsiq astaaul) MAl

o -
T -
1eyese o

s —
®oouse

L ———
® uso

® uso

28



Basciftci et al.: Long-Term Analysis on Climate-Drought-Yield Relationship; Eskisehir Case Study

Indeed, researchers found that the increase in global world warming affects all
countries and the climate towards a warmer world is observed [12, 13, 22]. Especially in
countries such as Turkey, which dominates the continental climate, global warming due
to climate change are felt in the visible. As a result of this situation, due to the decrease
in crop available water, drought increases and crop production is affected especially in
the places where agriculture is made. It was revealed in our study, although there was not
much change in the precipitation that was insufficient for plant development, an increase
of about 2°C occurred in the temperature. While an increase of 10-15% in precipitation,
especially in June, August, September and October, a slight decrease was observed in
other months and on average. While an increase of 1-2°C was detected in maximum,
minimum and mean temperatures, this similar increase occurred in January, February,
May, July, August, October and November. In this case, if the increase in the temperature
increase continues in this way, the increase in drought will continue due to the decrease
in the useful water to the plant that could decrease in agricultural production. There was
not much change in relative humidity due to long years and similar relative humidity was
observed in our study based on five-year periods (Table 3).

Again, based on the period of 1980-84, relative increases/decreases as percentage in
precipitation, mean, minimum and maximum temperatures, relative humidity are given
in Table 4. Because of these results, there was no significant change in precipitation and
relative humidity on a provincial basis but increases of up to 2°C occurred in minimum,
maximum and mean temperatures causing an increase in drought. Wheat is a crop that
has a very important place in both the human nutrition and food industry and makes
significant contributions to the economy. Adapting to the continental climate type in the
Central Anatolia Region, including Eskisehir, wheat plays an important role in meeting
the calorie and protein deficit and increasing livestock and industrial production [21, 23]
In the last fifty years, the yield has increased with the development of high-yielding,
quality, resistant to pests and diseases. Again, with the application of modern cultivation
techniques that wheat needs for high yield, significant increases have been achieved in
wheat production. Besides, the production is largely influenced by climatic conditions
since it is based on dry agriculture. By using spatial analysis and in ArcGIS software and
IDW (Inverse Distance Weighting) method [20], climate (precipitation, minimum,
maximum, mean temperature and relative humidity) and wheat yield map are given in
Fig. 3. IDW method, a deterministic method, is an interpolation technique used to
determine the values of the points that are not sampled with the help of the values of the
sample points whose value is known. The predicted values are a function of the distance
and magnitude of the known points, and their importance and influence on the cell to be
estimated decreases with increasing distance. Fig. 3 shows that although the rainfall
increases towards the west side (Bilecik, Kiitahya and Afyon), Northwest and Southwest
directions, starting from Eskischir center and towards Konya and Ankara, decrease in
precipitation occurs. Once the maximum, minimum and mean temperatures are lower in
the southeast and southwest directions and the west part of Eskisehir, higher temperatures
are noticeable in the center and towards the north. While higher grain yield is obtained in
the center and towards the north part of Eskisehir, locations that are east parts of the city,
southeast and southwest directions towards Kiitahya, Konya and Ankara have lower grain
yield capacity (Fig. 3).

Climate is one of the most important factors that directly affects vegetative production
and there is a high relationship between climate factors and crop yield. The factors are
not effective on crop yield alone, therefore, multiple factors could be safer to analyse

29



Basciftci et al.: Long-Term Analysis on Climate-Drought-Yield Relationship; Eskisehir Case Study

relationship between climate factors and grain yield, and this could be made by using
multiple correlations and PCA analyses [24]. Principal Component Analysis is a
mathematical technique to explain information in a multivariate data set with fewer
variables and minimal loss of information. In other words, PCA is a transformation
technique that enables the size of the dataset, which contains a large number of
interrelated variables, to be reduced to a smaller size by preserving the data in the dataset.
PCA reduces dimensionality in large datasets. The technique aims to reduce the number
of variables in the dataset in the size reduction process. The variables obtained after the
conversion are called the basic components of the first variables. As the first main
component, the variance value is chosen the most and the other main components are
listed in order to decrease the variance values [24]. PCA analysis showing the relationship
between climate factors (precipitation, minimum, maximum and mean temperature,
relative humidity) and crop yield is given in Table 5 and Biplot analysis is given in Fig.
4.

Table 5 shows that the precipitations in March, April, May, June, October, March-June
period and total precipitation are closely related to the grain yield in wheat. Studies
revealed that although the direct effect of precipitation on yield has been revealed,
especially precipitations in the planting period and during the development period of the
crop plays an important role in shaping the yield [5, 9, 13]. On the other hand, when the
mean, minimum and maximum temperatures are taken into consideration, the
temperatures in May and June, October and March, the temperatures between June, June
and August are also very effective in the development of the plant.
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Table 5. PCA analysis showing relationship between climate factors (precipitation,
inimum, maxsimum and mean temperatures, relative humidity) and crop yield

Eigenanalysis of the Correlation Matrix
Rainfall —Seed Yield Mean Temperature-Seed Yield
PC1 PC. PCs PCs PC1 PC: PCs
Eigenvalue ‘ 6,342 ‘ 2,753 ‘ 1,753 | 1,448 ‘ Eigenvalue ‘ 7,161 ‘ 2,716 ‘ 1,960
Proportion 0,373 0,162 0,103 0,085 | Proportion 0,421 0,160 0,115
Cumulative 0,373 0,535 0,638 0,723  Cumulative 0,421 0,581 0,696
PCA Analysis of Variables
Rainfall-Seed Yield Mean Temperature-Seed Yield
Variables PC: PC. PCs PC, Variables PC: PC, PC3
January -0,106 -0,413 0,009 -0,124  January 0,146 0,482 0,123
February 0,032 -0,454 0,299 -0,178 | February 0,238 0,396 -0,139
March 0,286 -0,173 -0,299 0,137 | March 0,201 0,176 -0,366
April 0,302 0,032 -0,229 0,495 | April 0,206 -0,129 -0,442
May 0,336 0,142 0,153 -0,009 | May 0,267 0,03 0,075
June 0,313 0,014 0,23 0,065 | June 0,203 -0,288 -0,283
July 0,069 0,015 0,569 -0,032 | July 0,24 -0,141 0,285
August 0,252 -0,083 -0,199 -0,057 | August 0,207 0,005 -0,066
September 0,074 0,167 -0,269 -0,596 | September 0,199 -0,194 0,414
October 0,043 0,310 -0,109 -0,007 | October 0,152 -0,405 0,009
November -0,109 0,089 0,306 -0,103 | November 0,29 -0,083 0,025
December -0,061 -0,344 -0,278 0,115 | December 0,159 0,076 0,273
Dec-Feb. Per. -0,065 -0,588 0,005 -0,084 | Dec-Feb. Per. 0,243 0,414 0,075
March-July Per. 0,373 0,033 0,184 0,283 | March-July Per. 0,328 -0,081 -0,287
Aug.-Nov. Per. 0,128 0,106 -0,161 -0,488 | Aug.-Nov. Per. -0,151 0,312 0,128
Total Rainfall 0,061 -0,192 0,362 -0,164 | Total Rainfall 0,369 0,061 -0,038
Seed Yield 0,338 -0,117 0,107 0,115  Seed Yield 0,232 0,015 0,335
Eigenanalysis of the Correlation Matrix
Minimum Temperature-Seed Yield Maximum Temperature-Seed Yield
PC1 PC. PC1 PC: PCs PCs
Eigenvalue 9,931 2,350 | Eigenvalue 3,979 3,203 2,839 1,7781
Proportion 0,584 0,138 | Proportion 0,234 0,188 0,167 0,105
Cumulative 0,584 0,722  Cumulative 0,234 0,422 0,59 0,694
PCA Analysis of Variables
Minimum Temperature-Seed Yield Maximum Temperature-Seed Yield
Variables PC: PC. Variables PC: PC; PCs PCs
January 0,117 0,562 | January 0,293 0,337 -0,064 0,007
February 0,212 0,35 | February 0,376 0,117 -0,177 -0,211
March 0,237 -0,211 | March 0,029 -0,197 -0,462 0,097
April 0,263 -0,048 | April 0,053 -0,383 0,040 -0,127
May 0,248 -0,053 | May -0,470 -0,121 -0,220 -0,028
June 0,284 0,007 | June -0,113 -0,260 0,251 0,104
July 0,279 0,024 | July 0,299 -0,165 0,127 0,024
August 0,171 0,027 | August 0,216 -0,191 -0,121 0,325
September 0,226 -0,205 | September 0,178 -0,125 0,303 -0,375
October 0,177 0,450 | October -0,251 -0,188 0,314 -0,008
November 0,270 -0,012 | November 0,072 -0,147 0,311 0,142
December 0,221 0,015 | December 0,194 -0,084 0,144 0,532
Dec-Feb. Per. 0,222 0,447 | Dec-Feb. Per. 0,441 0,200 -0,082 0,081
March-July Per. 0,307 -0,077 | March-July Per. 0,126 -0,469 -0,25 -0,144
Aug.-Nov. Per. 0,283 -0,223 | Aug.-Nov. Per. 0,095 -0,329 0,402 0,043
Total Rainfall 0,214 0,073 | Total Rainfall 0,441 -0,24 -0,034 0,002
Seed Yield 0,201 0,065  Seed Yield 0,262 0,192 0,263 -0,186
Eigenanalysis of the Correlation Matrix/ Relative Humidity-Seed ~ PCA Analysis of Variables/ Relative Humidity—Seed Yield
Yield
PC, PC, PCs PCy PC, PCs
Eigenvalue 7,161 2,716 1,960 | January 0,291 -0,218 -0,044
Proportion 0,421 0,160 0,115 | February 0,117 -0,442 0,13
Cumulative 0,421 0,581 0,696 March 0,283 0,258 0,174
PCA Analysis of Variables/ Relative Humidity—Seed Yield
PCy PC, PCs PC: PC, PCs
April 0,17 -0,281 -0,179  November 0,104 -0,009 0,551
May 0,229 -0,09 -0,205 | December 0,24 0,048 0,436
June 0,339 0,156 0,207 | Dec-Feb. Per. 0,279 -0,267 0,231
July March-July
0,093 0,320 -0,21 | Per. 0,317 -0,085 -0,217
August 0,256 0,059 -0,278 | Aug.-Nov. Per. 0,275 0,335 0,153
September 0,155 0,417 0,191 | Total Rainfall 0,338 -0,01 0,001
October 0,185 -0,014 0,388  Seed Yield 0,210 0,19 0,076

In the studies conducted, the minimum temperatures below 0°C in April and May in
the flowering time and the maximum temperatures above 30 ° C have a negative effect
on wheat [25, 26, 27]. Since relative humidity is closely related to precipitation, relative
humidity in June, July, October months, in the March-June period and in the August-
November period affect the crop yield.
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Once the lower the relative humidity is, the higher the evaporation rate is; when the
relative humidity in the March June period is so high (above 70%), this may cause a
significant increase in the rust diseases in the wheat leaves [28, 29, 30]. The relationship
between yield, months and years in terms of precipitation, mean, minimum and maximum
temperatures and relative humidity are given on the Biplot chart in Fig. 4 that also shows
the stability of months and years. When the crop yield-precipitation relationship is
examined, crop yield is more closely related to precipitations in October, November,
March, April, and June months, March-June period and August-November periods.
Besides, the March-June period and August-November periods are found as so stable
periods. In terms of years, 2018, 2017, 2014, and 2006 seem that precipitation is favorable
and yield is more than the other years. In terms of mean, minimum and maximum
temperatures, October, November, March, April and May, periods of March- June and
August-November are to be important months and periods in terms of both the low
temperatures below zero and the temperatures above zero that encourage optimum
development. The years 2008, 2010, 2013, 2014 and 2018 are determined as the years
that the temperature has a positive effect on yield. A similar impression has also appeared
in relative humidity, that is high a certain level having a positive effect on crop yield.
Crop yield in terms of relative humidity in 2010, 2014, 2015 and 2018 are determined as
so high. Precipitation, the temperature and relative humidity has positive effects within
certain limits on crop yield in countries where the total annual precipitation is below 500
mm. Results showed that since October is the first development period, wheat needs to
have a certain rate of precipitation and temperature in this period. In the same way, the
months of March, April, May and June or March-June period are so vital tfor tillering,
generative development and grain filling period. Minimum and maximum temperatures
play an essential role on crop yield. Therefore, it is desired to have a certain level of
precipitation and temperature in this period [22]. In our study, the August-November
period ocupying the first development phase of the wheat, March-June period covering
crop generative development, are determined as important factors.
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Fig. 4. Biplot analysis showing the relationship between climate factors (precipitation, minimum,
maximum and mean temperature, relative humidity) and wheat yield.
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Adequate rainfall or irrigation water during these periods will trigger the crop yield
positively. Having both positive and negative effects, the temperatures above zero during
the flowering period positively affect cop growth and yield. The analysis results showed
that in the 50-year period precipitation is slightly arid, no excessive change or decrease
in precipitation was observed in Eskisehir province. In addition, with approximately 2°C,
a gradual rise in minimum, maximum and mean temperatures occurred. This shows that
an increase of 2°C may cause significant negative changes in crop performance and grain
yield. An increase in temperature helps to increase the evapotranspiration values (water
loss from the soil and the crop) cause the drought to become more common. It is necessary
to take into account that there must be sufficient precipitation as well as optimum
temperatures in order to obtain genotypes having high quality and yield. For Eskisehir,
where dry agriculture prevails, inadequate precipitation in SPI is termed as slightly arid.
The SPI index values, that are determined as slightly rainy especially based on months,
have been determined as slightly arid in the autumn and spring periods. While there is not
a big change in precipitation, almost 2°C increase in temperatures is determined and this
increase is the trigger of drought. There is an increase in evapotranspration more and
more, that expresses water loss from soil and plants due to the gradual increase of
temperature on a 50-year basis, it is highly probable that, the plant needs to use more
water for transpration due to the increasing temperature. This shows that due to the
increasing temperature, water loss increases and accordingly, there are gradual increases
in drought. It is a fact that the water required for higher crop yield must be given externally
by irrigation in dry farming. A drier world agriculture is waiting in the coming years,
whether this scenario continues in this way, more detailed studies are required on this
subject and the studies to be conducted will shed light on the better understanding of the
subject.

CONCLUSION

Analysis of long term climatic data of Eskisehir province and the relationship between
climate factors and the yield which was determined by factor analysis of these climatic
data showed that the 50-year period precipitation is slightly arid, no excessive change or
decrease in precipitation was observed. In addition, about 2°C gradually rise in minimum,
maximum and mean temperatures was determined. In the light of these findings, it is clear
that in the future, more drought resistant genotypes will need to be used in Eskisehir.
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