
See	discussions,	stats,	and	author	profiles	for	this	publication	at:	https://www.researchgate.net/publication/315487192

Climate	change	impacts	vis-a-vis	productivity
of	soybean	in	Vertisol	of	Madhya	Pradesh

Article		in		Journal	of	agrometeorology	·	March	2017

CITATIONS

0

READS

10

12	authors,	including:

Some	of	the	authors	of	this	publication	are	also	working	on	these	related	projects:

ICAR-ICRAF	Collaborative	project:	Assessment	of	important	soil	properties	of	India	using	Mid-Infrared

Spectroscopy	View	project

CA-CRP;	Hydrogels	in	water	managemant	in	rainfed	agriculture	View	project

Monoranjan	Mohanty

Indian	Institute	of	Soil	Science

124	PUBLICATIONS			655	CITATIONS			

SEE	PROFILE

Nishant	kumar	Sinha

Indian	Institute	of	Soil	Science

78	PUBLICATIONS			17	CITATIONS			

SEE	PROFILE

Jeya	Somasundaram

54	PUBLICATIONS			71	CITATIONS			

SEE	PROFILE

Prabhakar	Mathyam

Central	Research	Institute	for	Dryland	Agricul…

43	PUBLICATIONS			151	CITATIONS			

SEE	PROFILE

All	content	following	this	page	was	uploaded	by	Nishant	kumar	Sinha	on	22	March	2017.

The	user	has	requested	enhancement	of	the	downloaded	file.

https://www.researchgate.net/publication/315487192_Climate_change_impacts_vis-a-vis_productivity_of_soybean_in_Vertisol_of_Madhya_Pradesh?enrichId=rgreq-141255929dcdcf941b7149dc7e5051df-XXX&enrichSource=Y292ZXJQYWdlOzMxNTQ4NzE5MjtBUzo0NzQ2MDI4OTY5MjQ2NzJAMTQ5MDE2NTU1NjM2NA%3D%3D&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/315487192_Climate_change_impacts_vis-a-vis_productivity_of_soybean_in_Vertisol_of_Madhya_Pradesh?enrichId=rgreq-141255929dcdcf941b7149dc7e5051df-XXX&enrichSource=Y292ZXJQYWdlOzMxNTQ4NzE5MjtBUzo0NzQ2MDI4OTY5MjQ2NzJAMTQ5MDE2NTU1NjM2NA%3D%3D&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/project/ICAR-ICRAF-Collaborative-project-Assessment-of-important-soil-properties-of-India-using-Mid-Infrared-Spectroscopy?enrichId=rgreq-141255929dcdcf941b7149dc7e5051df-XXX&enrichSource=Y292ZXJQYWdlOzMxNTQ4NzE5MjtBUzo0NzQ2MDI4OTY5MjQ2NzJAMTQ5MDE2NTU1NjM2NA%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/project/CA-CRP-Hydrogels-in-water-managemant-in-rainfed-agriculture?enrichId=rgreq-141255929dcdcf941b7149dc7e5051df-XXX&enrichSource=Y292ZXJQYWdlOzMxNTQ4NzE5MjtBUzo0NzQ2MDI4OTY5MjQ2NzJAMTQ5MDE2NTU1NjM2NA%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-141255929dcdcf941b7149dc7e5051df-XXX&enrichSource=Y292ZXJQYWdlOzMxNTQ4NzE5MjtBUzo0NzQ2MDI4OTY5MjQ2NzJAMTQ5MDE2NTU1NjM2NA%3D%3D&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Monoranjan_Mohanty?enrichId=rgreq-141255929dcdcf941b7149dc7e5051df-XXX&enrichSource=Y292ZXJQYWdlOzMxNTQ4NzE5MjtBUzo0NzQ2MDI4OTY5MjQ2NzJAMTQ5MDE2NTU1NjM2NA%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Monoranjan_Mohanty?enrichId=rgreq-141255929dcdcf941b7149dc7e5051df-XXX&enrichSource=Y292ZXJQYWdlOzMxNTQ4NzE5MjtBUzo0NzQ2MDI4OTY5MjQ2NzJAMTQ5MDE2NTU1NjM2NA%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Indian_Institute_of_Soil_Science?enrichId=rgreq-141255929dcdcf941b7149dc7e5051df-XXX&enrichSource=Y292ZXJQYWdlOzMxNTQ4NzE5MjtBUzo0NzQ2MDI4OTY5MjQ2NzJAMTQ5MDE2NTU1NjM2NA%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Monoranjan_Mohanty?enrichId=rgreq-141255929dcdcf941b7149dc7e5051df-XXX&enrichSource=Y292ZXJQYWdlOzMxNTQ4NzE5MjtBUzo0NzQ2MDI4OTY5MjQ2NzJAMTQ5MDE2NTU1NjM2NA%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Nishant_Sinha2?enrichId=rgreq-141255929dcdcf941b7149dc7e5051df-XXX&enrichSource=Y292ZXJQYWdlOzMxNTQ4NzE5MjtBUzo0NzQ2MDI4OTY5MjQ2NzJAMTQ5MDE2NTU1NjM2NA%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Nishant_Sinha2?enrichId=rgreq-141255929dcdcf941b7149dc7e5051df-XXX&enrichSource=Y292ZXJQYWdlOzMxNTQ4NzE5MjtBUzo0NzQ2MDI4OTY5MjQ2NzJAMTQ5MDE2NTU1NjM2NA%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Indian_Institute_of_Soil_Science?enrichId=rgreq-141255929dcdcf941b7149dc7e5051df-XXX&enrichSource=Y292ZXJQYWdlOzMxNTQ4NzE5MjtBUzo0NzQ2MDI4OTY5MjQ2NzJAMTQ5MDE2NTU1NjM2NA%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Nishant_Sinha2?enrichId=rgreq-141255929dcdcf941b7149dc7e5051df-XXX&enrichSource=Y292ZXJQYWdlOzMxNTQ4NzE5MjtBUzo0NzQ2MDI4OTY5MjQ2NzJAMTQ5MDE2NTU1NjM2NA%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Jeya_Somasundaram?enrichId=rgreq-141255929dcdcf941b7149dc7e5051df-XXX&enrichSource=Y292ZXJQYWdlOzMxNTQ4NzE5MjtBUzo0NzQ2MDI4OTY5MjQ2NzJAMTQ5MDE2NTU1NjM2NA%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Jeya_Somasundaram?enrichId=rgreq-141255929dcdcf941b7149dc7e5051df-XXX&enrichSource=Y292ZXJQYWdlOzMxNTQ4NzE5MjtBUzo0NzQ2MDI4OTY5MjQ2NzJAMTQ5MDE2NTU1NjM2NA%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Jeya_Somasundaram?enrichId=rgreq-141255929dcdcf941b7149dc7e5051df-XXX&enrichSource=Y292ZXJQYWdlOzMxNTQ4NzE5MjtBUzo0NzQ2MDI4OTY5MjQ2NzJAMTQ5MDE2NTU1NjM2NA%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Prabhakar_Mathyam?enrichId=rgreq-141255929dcdcf941b7149dc7e5051df-XXX&enrichSource=Y292ZXJQYWdlOzMxNTQ4NzE5MjtBUzo0NzQ2MDI4OTY5MjQ2NzJAMTQ5MDE2NTU1NjM2NA%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Prabhakar_Mathyam?enrichId=rgreq-141255929dcdcf941b7149dc7e5051df-XXX&enrichSource=Y292ZXJQYWdlOzMxNTQ4NzE5MjtBUzo0NzQ2MDI4OTY5MjQ2NzJAMTQ5MDE2NTU1NjM2NA%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Central_Research_Institute_for_Dryland_Agriculture_India?enrichId=rgreq-141255929dcdcf941b7149dc7e5051df-XXX&enrichSource=Y292ZXJQYWdlOzMxNTQ4NzE5MjtBUzo0NzQ2MDI4OTY5MjQ2NzJAMTQ5MDE2NTU1NjM2NA%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Prabhakar_Mathyam?enrichId=rgreq-141255929dcdcf941b7149dc7e5051df-XXX&enrichSource=Y292ZXJQYWdlOzMxNTQ4NzE5MjtBUzo0NzQ2MDI4OTY5MjQ2NzJAMTQ5MDE2NTU1NjM2NA%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Nishant_Sinha2?enrichId=rgreq-141255929dcdcf941b7149dc7e5051df-XXX&enrichSource=Y292ZXJQYWdlOzMxNTQ4NzE5MjtBUzo0NzQ2MDI4OTY5MjQ2NzJAMTQ5MDE2NTU1NjM2NA%3D%3D&el=1_x_10&_esc=publicationCoverPdf


32 Enkmcvg"ejcpig"kmrcevu"qp"rtqfwevkxkv{"qh"uq{dgcp"kp"Ocfj{c"Rtcfguj Octej"4239Lqwtpcn"qh"Citqmgvgqtqnqi{"3;"*3+"<"32/38"*Octej"4239+

Kp"vjg"rcuv"hgy"fgecfgu‚"enkmcvg"ejcpig"gmgtigf"cu

c"ugtkqwu"eqpegtp"qxgt"vjg"inqdg"cu"kv"ukipkhkecpvn{"chhgevu

citkewnvwtcn"rtqfwevkqp0""Kv"ku"guvkmcvgf"vjcv"enkmcvg"ejcpig

ku"nkmgn{"vq"tgfweg"yqtnf"hqqf"ngxgnu"d{"tqwijn{"307"rgt"egpv

rgt"fgecfg"ykvjqwv"cp{"cfcrvcvkqp"cpf"mkvkicvkqp"uvtcvgikgu

ykvj"c"rncwukdng"tcpig"dgvyggp"2/"6"rgt"egpv"*Nqdgnn"cpf

Iqwtflk."4234+0"Kp"Kpfkc."mqtg"vjcp"922"mknnkqp"rqrwncvkqpu

fktgevn{" qt" kpfktgevn{" fgrgpf" qp" citkewnvwtg" cpf" cnnkgf

cevkxkvkgu"hqt"vjgkt"nkxgnkjqqf."mcmkpi"vjku"ugevqt"ku"mquv

ugpukvkxg"vq"enkmcvg"ejcpig0"Etqr"itqyvj"ku"c"hwpevkqp"qh

vqvcn"rjqvqu{pvjcvg"rtqfwegf"d{"vjg"uqwteg"cpf"rtqrqtvkqp

qh"vjgcuukmkncvg"cnnqecvgf"vq"tgrtqfwevkxg"ukpmu"*Ngmqkpg"gv

cn0." 4235+0" Enkmcvke" hcevqtu" uwej" cu" vgmrgtcvwtg." uqnct

tcfkcvkqp." tgncvkxg" jwmkfkv{" cpf" ectdqp" fkqzkfg" *EQ
4
+

eqpegpvtcvkqp"jcxg"dggp"ujqyp"vq"chhgev"vjg"rtqeguugu"qh

dqvj"rjqvqu{pvjguku"cpf"ft{"mcvvgt"cnnqecvkqp" kp" rncpvu

*Oqjcpv{"gv"cn0."4237+0

Ugxgtcn"uvwfkgu"ujqygf"vjcv"vjg"gctvj‚u"enkmcvg"jcu

ejcpigf"ukpeg"vjg"mkffng"qh"vjg"pkpgvggpvj"egpvwt{"*Mwmct.

4238+0" Kpetgcukpi" cvmqurjgtke" vgmrgtcvwtgu" cpf" EQ
4

eqpegpvtcvkqp"cnqpi"ykvj"wpegtvckpvkgu"kp"cppwcn"tckphcnn

jcxg" ecwugf"ykfgurtgcf" tgfwevkqp" qh" {kgnf" kp" rtgxkqwu

fgecfg"kp"mcp{"rctvu"qh"inqdg"*Eqwmqw"cpf"Tcjmuvqth

4234="Mwmct"4238+0"Kp"Kpfkc."Mwmct"gv"cn"*4232+"hqwpf"vjcv

mck|g"etqr"ku"fkhhgtgpvkcnn{"chhgevgf"kp"fkhhgtgpv"tgikqp"qh

Kpfkc"wpfgt"hwvwtg"enkmcvke"uegpctkqu0

Citkewnvwtcn"rtqfwevkqp"kp"Ocfj{c"Rtcfguj."Kpfkc"ku

rctvkewnctn{"xwnpgtcdng"vq"vjg"kmrcevu"qh"enkmcvg"ejcpig"cpf

xctkcdknkv{"fwg"vq"kvu"nctign{"tckphgf"*94'"qh"ewnvkxcvgf"ctgc+.

uwdukuvgpeg"pcvwtg"cpf"vjg"uwduvcpvkcn"fkurctkvkgu"dgvyggp

umcnn/jqnfgt"hctm"ecrcekv{"kp"crrn{kpi"kprwvu0"Kv"ku."vjgtghqtg.

kmrqtvcpv"vq"jcxg"cp"cuuguumgpv"qh"vjg"fktgev"cpf"kpfktgev

eqpugswgpegu"qh"inqdcn"yctmkpi"qp"rtqfwevkxkv{"qh"fkhhgtgpv

etqru"qh"vjg"uvcvg0"Uq{dgcp"ku"qpg"qh"vjg"mclqt"tckp{"ugcuqp

etqr"kp"vjg"tckphgf"citq/gequ{uvgm"qh"egpvtcn"cpf"rgpkpuwnct

Kpfkc0"Vjg"uvcvg"Ocfj{c"Rtcfguj"eqpvtkdwvgu"82'"qh"vjg

Enkmcvg"ejcpig"kmrcevu"xku/c/xku"rtqfwevkxkv{"qh"uq{dgcp"kp"xgtvkuqn"qh"Ocfj{c

Rtcfguj

O0"OQJCPV[3."PKUJCPV"M0"UKPJC3%."UQPCNK"R0"OEFGTOKF4."T0U0"EJCWFJCT[3."M0"UCOOK

TGFF[4."M0O0"JCVK3."L0"UQOCUWPFCTCO3."U0"NGPMC3."TQJKV"M0"RCVKFCT3."O0"RTCDJCMCT5.

UTKPKVCU"TCQ"EJGTWMWOCNNK5."CUJQM"M0"RCVTC3

3"Kpfkcp"Kpuvkvwvg"qh"Uqkn"Uekgpeg"*KKUU+."Pcdkdcij."Dgtcukc"Tqcf."Djqrcn."Kpfkc/68425:0
4"Fgrv0"qh"Gpxktqpmgpvcn"Uvwfkgu."Pgy"[qtm"Wpkxgtukv{.

5"Egpvtcn"Tgugctej"Kpuvkvwvg"hqt"Ft{ncpf"Citkewnvwtg"*ETKFC+."Ucpvquj"Pcict."J{fgtcdcf"72227;0

Eqttgurqpfkpi"Cwvjqt<"Gmckn<"pkujcpv0ukpjc98433Bimckn0eqm

CDUVTCEV

 The impact of climate change on agricultural crops is a major concern and threats to the global
food security. It also limits the potential of crops and cropping system in a given area. Therefore,  the
present study was aimed to assess the combined effect of positive (CO2 fertilization, lesser temperature
and higher rainfall) and negative (higher temperature, lower rainfall) impacts of the futuristic climatic
scenarios on productivity of soybean using APSIM (Agricultural Production Systems sIMulator) model.
W e have followed the Climate-Crop Modeling Project (C3MP) methodology and generated ninety-nine
sensitive test to achieve each test’s temperature, rainfall and CO2 concentration range. Using 30 years of
climate data (1980-2010) of Central India as base, the simulation results showed that increasing CO 2

concentrations alone resulted in increased soybean yield. Similarly, reduction in rainfall amount indicated
negative impact on it. This effect further compounded with increase in temperature and thus, reduced
soybean yield. Increasing the temperature with 10% decrease in rainfall declined the soybean yield by
10%. Whereas, increase in temperature along with increase in rainfall also not resulted favorably soybean
growth. Decreasing the temperature from the base by 1oC and increasing the rainfall by more than 10%
benefitted the soybean productivity, whereas increasing the temperature by 1oC with no change in rainfall
resulted decline in soybean productivity by 10-15%.
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gv"cn0"*4234+0"Vjg"uq{dgcp"ewnvkxct"mcvwtgu" kp"cdqwv";7

vq332"fc{u0"C"uq{dgcp"rncpv"rqrwncvkqp"qh"67"rncpvu"m/4"cv

52/em"tqy"urcekpi"ycu"wugf"vjtqwijqwv"vjg"ukmwncvkqp

uvwf{0"Hgtvknk|gt"vq"uwrrn{"42"mi"jc/3"P"*cu"wtgc+"vq"uq{dgcp

ycu"crrnkgf"cv"vjg"vkmg"qh"uqykpi0"Vjku"crrnkecvkqp"ycu

eqpukfgtgf"vjg"›igpgtcn"rwtrqugfi"pwvtkgpv"mcpcigmgpv"kp

vjg"ukmwncvkqp0"Vjg"qvjgt"pwvtkgpv"mcpcigmgpv"rtcevkegu

uwej" cu" crrnkecvkqp" qh" rjqurjqtqwu." rqvcuukwm" cpf

mketqpwvtkgpvu"ctg"cuuwmgf"vq"dg"qrvkmcn"hqt"etqr"itqyvj0

Vjgtg"ycu"pq"cvvcem"qh"kpugev"rguvu"cpf"fkugcugu"fwtkpi"etqr

itqykpi"rgtkqf0

Vjg"mgvjqfqnqi{"qh"cuuguukpi"vjg"kmrcev"qh"enkmcvg

ejcpig"qp"ukmwncvgf"uq{dgcp"{kgnf"ycu"dcugf"qp"rtqegfwtg

nckf"qwv"d{"vjg"eqqtfkpcvgf"enkmcvg/etqr"mqfgnnkpi"rknqv

vgcm" *E5OR+" *OeFgtmkf" gv" cn0." 4237+0" Vjg" E5OR

mgvjqfqnqi{"igpgtcvgu";;"ugpukvkxkv{"vguvu"vjcv"ctg"fgukipgf

vq"ghhkekgpvn{"ucmrng"vjg"wpegtvckpv{"urceg"kp"rtqlgevgf

vgmrgtcvwtg."tckphcnn."cpf"ectdqp"fkqzkfg"ejcpigu"kp"vjg"43uv

egpvwt{"*Hki"30+0""Hwvwtg"enkmcvg"rtqlgevkqpu"ygtg"etgcvgf"d{

wvknk|kpi"c"flfgnvc‚"crrtqcej."kp"yjkej"vjg"mgcp"mqpvjn{

ejcpigu"kp"kmrqtvcpv"citq/enkmcvke"xctkcdngu"ygtg"ecnewncvgf

d{" vcmkpi" vjg" fkhhgtgpeg" dgvyggp" vjg" Tgrtgugpvcvkxg

Eqpegpvtcvkqp"Rcvjyc{u/:07"*TER:07+"enkmcvg"uegpctkq"cpf

ukmwncvgf"dcugnkpg"eqpfkvkqpu0"Vjgug"mqpvjn{"mgcp"citq/

enkmcvke"ejcpigu."qt"fgnvcu."ygtg"vjgp"crrnkgf"vq"vjg"fckn{

dcugnkpg" ygcvjgt" ugtkgu" hqt" gcej" tgurgevkxg"mqpvj0" D{

cpcn{|kpi"gpf/qh/egpvwt{" *4299/42;;+"qwvrwvu" htqm" vjg

inqdcn"enkmcvg"mqfgn"qwvrwvu."vjg"wrrgt"cpf"nqygt"dqwpfu

qh"gcej"enkmcvg"xctkcdng"ygtg"fgtkxgf"cpf" rtgugpvgf" kp

Vcdng"40"Vjgug"tcpigu"kpenwfg"vjg"rtqlgevgf"gzvtgmgu"qxgt

vjg"mclqtkv{"qh"citkewnvwtcn" ncpfu" *Vc{nqt"gv"cn0."422;+0

Cnvjqwij"d{"vjg"gpf"qh"vjg"43uv"egpvwt{"jcxg"EQ
4
"jkijgt

vjcp";22"rrm" kp"tgrtgugpvcvkxg"eqpegpvtcvkqp"rcvjyc{u
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*TER":07+."yjkng"gpf/qh/egpvwt{"rgtkqf"*4299/42;;+"jcu"c

egpvtcn"{gct"EQ
4"
eqpegpvtcvkqp"qh":23rrm0"Vjgtghqtg.";22

rrm"ycu"vcmgp"cu"vjg"wrrgt"dqwpf"hqt"EQ
4"
uq"vjcv"eqpvtkdwvgf

tguwnvu"yknn"tgmckp"tgngxcpv"kp"vjg"gxgpv"vjcv"mqtg"gzvtgmg

rtqlgevkqpu"dgeqmg"rncwukdng"*Twcpg"gv"cn0."4236+0

Vjg"pkpgv{/pkpg"ugpukvkxkv{"vguvu"ygtg"igpgtcvgf"wukpi

52"{gctu"qh"enkmcvg"fcvc"*3;:2/4232+"cu"vq"cejkgxg"gcej

vguv‚u"vgmrgtcvwtg."tckphcnn"cpf"EQ
4
"eqpegpvtcvkqp"tcpig.

tguwnvkpi"kp"4;92"*;;"vguvu"×"52"{gctu+"{kgnfu0""Vjg"mgcp"{kgnf

ycu"rtgfkevgf"wukpi"ygnn"ecnkdtcvgf"cpf"xcnkfcvgf"CRUKO

mqfgn0" Vq" uvwf{" jqy" enkmcvg" ejcpig" chhgevu" vjg" {kgnf

xctkcdknkv{."vjg"eqghhkekgpv"qh"xctkcvkqp"qh"{kgnf"ycu"cnuq

ecnewncvgf0"Vjku"gpcdngu"vjg"ngcuv/uswctgu"hkvvkpi"qh"c"swcftcvke

etqr"mqfgn"gmwncvqt"hqt"{kgnf"*[+"cpf"eqghhkekgpv"qh"xctkcvkqp

*EV+"hqt"cp{"ikxgp"gzrgtkmgpvcn"nqecvkqp"cu"c"hwpevkqp"qh

ectdqp"fkqzkfg"eqpegpvtcvkqp"*EQ
4
+."vgmrgtcvwtg"ejcpig

*V+."cpf"tckphcnn"ejcpig"*T+"vq"fgvgtmkpg"eqghhkekgpvu"c/m"kp

gcej"qh<

["*EQ
4
."V."R+"?"c"-"d*V+"-"e*V+4"-"f*R+"-"g*R+4"-"h*EQ

4
+"-"i*EQ

4
+4

-"j*V,R+""-"k*V,EQ
4
+"-"l*R,EQ

4
+"-"m*V,R,EQ

4
+"””0*Gs"3+

EV"*EQ
4
."V."R+"?"c"-"d*V+"-"e*V+4"-"f*R+"-"g*R+4"-"h*EQ

4
+"-

i*EQ
4
+4" -" j*V,R+" -" k*V,EQ

4
+" -" l*R,EQ

4
+" -" m

*V,R,EQ
4
+”””0"*Gs"4+

Vjg"gmwncvqt"rtqxkfgu"hqt"vjg"xkuwcnk|cvkqp"qh"gcej

ukvg‚u"ugpukvkxkv{"vq"vjg"EQ
4
."vgmrgtcvwtg"cpf"tckphcnn"enkmcvg

mgvtkeu" cpf" gpcdngu" ghhkekgpv" ejctcevgtk|cvkqp" qh" etqr

tgurqpugu" vq" mwnvkrng" hwvwtg" enkmcvg" rtqlgevkqpu0" D{

gzcmkpkpi"vjg"unqrg"qh"vjg"gmwncvgf"tgurqpug"uwthcegu"cv"vjg

jkuvqtkecn"dcugnkpg"enkmcvg‚u"nqecvkqp"*∆V?2°E="∆R"?"2'=
EQ

4
"?"582rrm+."kv"ku"rquukdng"vq"gzcmkpg"vjg"ugpukvkxkv{"qh

{kgnf"vq"gcej"enkmcvg"mgvtke0"Twcpg"gv"cn0."*4236+"jcu"cnuq

fguetkdgf"vjcv"vjg"kmrcevu"tgurqpug"uwthcegu"fghkpgf"d{

vjgug"gmwncvqtu"*uvcvkuvkecn"tgrtgugpvcvkqpu"qh"mqfgnu+"ctg"c

dgvvgt"uwdlgev"qh"eqmrctkuqp"vjcp"vjg"xcnwgu"qh"urgekhke

eqghhkekgpvu0

TGUWNVU"CPF"FKUEWUUKQP

Vjg"ghhgev"qh"enkmcvg"ejcpig"eqwnf"dg"rqukvkxg"qt

pgicvkxg"qp"etqr"{kgnf"fgrgpfkpi"wrqp"vjg"v{rgu"qh"etqru.

vjgkt"igpqv{rgu"cpf"gpxktqpmgpvcn"eqpfkvkqp0"Kp"mquv"qh"vjg

citkewnvwtcn"etqru."kpetgcug"kp"vgmrgtcvwtg"fgetgcugu"vjg

etqr"{kgnf0"Gxgp"ykvj"mkpqt"fgxkcvkqpu"htqm"vjg"pqtmcn

ygcvjgt."vjg"ghhkekgpe{"qh"gzvtgmgn{"crrnkgf"kprwvu"cpf"hqqf

rtqfwevkqp"ku"ugtkqwun{"kmrcktgf0"Vjg"vjtgg"fkmgpukqpcn

EQ
4
×V×T"ujqygf"igpgtcn"fgetgcug"kp"uq{dgcp"{kgnf"wpfgt

jkijgt"vgmrgtcvwtg."nqygt"tckphcnn"cpf"EQ
4
"eqpegpvtcvkqp.

yjgtgcu."kpetgcug"kp"{kgnf"ycu"qdugtxgf"kp"eqqngt."ygvvgt"cpf

jkijgt"EQ
4
"gpxktqpmgpv"*Hki"4/6+0"Kp"rctvkewnct."cp"kpetgcug

kp"vjg"vgmrgtcvwtg"d{"307"qE."vjg"itckp"{kgnf"qh"uq{dgcp

tgfwegf"d{"42"rgt"egpv0"Ogtgn{" kpetgcug"qt"fgetgcug" kp

tckphcnn"fkf"pqv"jcf"mwej"ghhgev"qp"uq{dgcp"{kgnf."yjkng

fgetgcukpi"vjg"vgmrgtcvwtg"htqm"vjg"ewttgpv"enkmcvg"d{"3qE

cpf"kpetgcukpi"vjg"tckphcnn"d{"mqtg"vjcp"32'"hcxqwtgf"vjg

uq{dgcp"{kgnf"*Hki"4c+0"C"fgetgcug"kp"tckphcnn"cnqpi"ykvj"cp

kpetgcug" kp" vgmrgtcvwtg"tgfwegf" uq{dgcp"{kgnf"ikxg"vjg

gzvgpv"qh"fgegcug0"Jqygxgt."kpetgcug"kp"vgmrgtcvwtg"ykvj

kpetgcug"kp"tckphcnn"cnuq"fkf"pqv"hcxqwt"uq{dgcp"itqyvj0

Kpetgcukpi"vjg"vgmrgtcvwtg"d{"307"£E"cnqpi"ykvj"vjg"kpetgcug

kp"tckphcnn"d{"72"rgt"egpv"fwtkpi"uq{dgcp"itqyvj"rgtkqf

tgfwegf"vjg"uq{dgcp"{kgnf"d{"32"rgt"egpv0"Dg{qpf"307"£E

kpetgcug"kp"vgmrgtcvwtg."vjg"kpetgcug"tckphcnn"fkf"pqv"ujqy

cp{"rqukvkxg"kmrcev"qp"uq{dgcp"{kgnf0"Ukmknctn{."vjg"EV"qh

vjg"etqr" {kgnf" jcu" dggp"rtgugpvgf" kp" vjg"Hki0"4d"yjkej

kpfkecvgf"vjg"xctkcvkqp"kp"vjg"fcvc"ugtkgu"wugf"hqt"uq{dgcp

itckp"{kgnf"cpcn{uku0"Vjg"itggp"rcvvgtp"kp"vjg"Hki"4d"kpfkecvgf

nguu"xctkcdknkv{"kp"vjg"mgcp"{kgnf"qh"uq{dgcp"hqt"vjcv"ukmwncvkqp

ugpukvkxkv{"vguvu0"Ugxgtcn"ukmwncvkqp"uvwfkgu"kpfkecvgf"vjcv

xctkcvkqp"kp"vgmrgtcvwtg"ku"mqtg"rtqmkpgpv"vjcp"xctkcvkqp"kp

tckphcnn0"Uejngpmgt"cpf"Nqdgnn"*4232+"ujqygf"vjcv"kmrcev"qp

mck|g."uqtijwm."mknngv."itqwpfpwv."cpf"ecuucxc"{kgnf"fwg"vq

vgmrgtcvwtg"ejcpigu"ctg"mwej"uvtqpigt"vjcp"tckphcnn"ejcpigu0

Uq{dgcp"etqr"kp"Kpfkc"ku"cnuq"hqwpf"vq"dg"mqtg"xwnpgtcdng

vq"jkijgt"vgmrgtcvwtg0"Vjg"vjgtmcn"uvtguu"qp"vjg"uq{dgcp

etqr"cv"ugngevgf"ukvgu"kp"Kpfkc"tguwnvgf"kpvq"34."3:"cpf"43"rgt

egpv"fgetgcug"kp"{kgnf"wpfgt"IEOu"pcmgn{"vjg"IHFN."IKUU

cpf"WMOQ."tgurgevkxgn{"*Ocnn"gv"cn0."4226+0"""Nqygt"{kgnf

wpfgt"jkij"vgmrgtcvwtg"ku"cvvtkdwvgf"vq"ujqtvgt"nkhg"e{engu"qh

vjg" etqru" cpf" kvu" ukipkhkecpv" kmrcev" qp" ngch" cigkpi" qt

ugpguegpeg."eqpugswgpvn{"ngcfu"vq"tgfwevkqp"qh"vjg"vqvcn

dkqmcuu"cpf"itckp"{kgnfu"*Fgt{pi"gv"cn0"4236="Dcuuw"gv"cn0

4236+0

Hwtvjgt." kpetgcug" kp" EQ
4
" eqpegpvtcvkqp" hcxqtgf

uq{dgcp"itqyvj"yjgp"vjg"vgmrgtcvwtg"ycu"tgfwegf"d{"3

fgitgg"htqm"vjg"dcugnkpg"vgmrgtcvwtg"*Hki0"5c+0"Jqygxgt.

ykvj"kpetgcug"kp"EQ
4
"vjg"{kgnf"tgfwegf"d{"vjg"cfxgtug"kmrcev

qh"tkug"kp"vgmrgtcvwtg"qp"etqr"itqyvj0"Gxgp"ykvj"kpetgcukpi

vjg" vgmrgtcvwtg" d{" 3" fgitgg" cpf" EQ
4
" eqpegpvtcvkqp" vq

fqwdng"htqm"vjg"ewttgpv"uvcig."vjg"{kgnf"fgenkpgf"kp"uq{dgcp

cu"jkij"cu"37"rgt"egpv"*Hki0"5c+0"Vjg"xctkcdknkv{"kp"vjg"fcvcugv

ecp"dg"uggp" kp" vjg"Hki0"5d0"Ocnn"gv"cn0" *4226+" wugf" vjg

ETQRITQ/uq{dgcp"mqfgn"vq"ukmwncvg"vjg"kmrcev"qh"enkmcvg

ejcpig"qp"uq{dgcp"rtqfwevkqp"kp"Kpfkc0"Kp"vjgkt"uvwf{."cnn

vjg"IEO"rtqlgevgf"enkmcvg"ejcpig"uegpctkqu"*cv"vjg"vkmg"qh

fqwdnkpi" qh" EQ
4
" eqpegpvtcvkqpu+" rtgfkevgf" fgetgcug" kp
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Hki0"3<""5/F"tgrtgugpvcvkqp"qh"pkpgv{/pkpg"ugpukvkxkv{"vguv"hqnnqykpi"E5OR"mgvjqfqnqi{"eqxgtkpi"ejcpig"kp"ectdqp"fkqzkfg.

vgmrgtcvwtg"cpf"tckphcnn"wpegtvckpv{"urceg"wpkhqtmn{0"*Eqnqwt"dct"kpfkecvg"vjg"vgmrgtcvwtg"ejcpig+

Hki0"4<"Ukmwncvgf"*c+"uq{dgcp"itckp"{kgnf"cpf"kvu"*d+"eqghhkekgpv"qh"xctkcvkqp."cu"chhgevgf"ykvj"ejcpigu"kp"vgmrgtcvwtg"cpf"tckphcnn
cv"eqpuvcpv"EQ

4
"eqpegpvtcvkqp"*582"rrm+0

*c+ *d+

*c+ *d+

Hki0"5< Ukmwncvgf"*c+"uq{dgcp"itckp"{kgnf"cpf"kvu"*d+"eqghhkekgpv"qh"xctkcvkqp."cu"chhgevgf"ykvj"ejcpigu"kp"vgmrgtcvwtg"cpf"EQ
4

eqpegpvtcvkqp."ykvjqwv"ejcpigu"kp"tckphcnn0
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Vcdng"4<"Enkmcvg"mgvtke"tcpigu"hqt"E5OR"enkmcvg"ugpukvkxkv{
gzrgtkmgpvu0

Enkmcvg"Ogvtke Nqygt Wrrgt

dqwpf dqwpf

V?Vgmrgtcvwtg"ejcpig"*£E+ /3 -:

R?Tckphcnn"ejcpig"*%+ /72 -72

EQ
4
?Ectdqp"Fkqzkfg"rrm 582 ;22

Eqpegpvtcvkqp

{kgnfu"hqt"cnmquv"cnn"nqecvkqpu0"Ogcp"fgenkpg"kp"{kgnfu"cetquu

fkhhgtgpv"uegpctkqu"tcpigf"htqm"36"rgt"egpv"kp"Rwpg"*Yguv

Kpfkc+"vq"45"rgt"egpv"kp"Iycnkqt"*Egpvtcn"Kpfkc+0"Ykvj"kpetgcug

kp"vgmrgtcvwtg"d{"52E."vjgtg"ycu"qp"cp"cxgtcig"9"fc{u‚

tgfwevkqp"kp"vjg"itqyvj"rgtkqf"qh"uq{dgcp"etqr0"Ncn"gv"cn0

*3;;;+"rtqlgevgf"72"rgt"egpv"kpetgcugf"{kgnf"hqt"uq{dgcp"hqt

c"fqwdnkpi"qh"EQ
4
"kp"Egpvtcn"Kpfkc"d{"wukpi"ETQRITQ/

uq{dgcp"mqfgn0"Jqygxgt."c"5£E"tkug"kp"uwthceg"ckt"vgmrgtcvwtg

cnmquv"ecpegnu"qwv"vjg"rqukvkxg"ghhgevu"qh"fqwdnkpi"qh"ectdqp

fkqzkfg"eqpegpvtcvkqp"tguwnvu"kp"tgfwekpi"vjg"vqvcn"fwtcvkqp

qh" vjg" etqr" *cpf" jgpeg" rtqfwevkxkv{+" d{" kpfwekpi" gctn{

hnqygtkpi"cpf"ujqtvgpkpi"vjg"itckp"hknn"rgtkqf0"Vjg"ghhgev"qh

enkmcvg"ejcpig"uegpctkq"qh"fkhhgtgpv"rgtkqfu"ecp"dg"rqukvkxg

qt"pgicvkxg"fgrgpfkpi"wrqp"vjg"mcipkvwfg"qh"ejcpig"kp

EQ
4
"cpf"vgmrgtcvwtg"*Mcpi"gv"cn."4222+0

Vjg"kpetgcug"kp"tckphcnn"wuwcnn{"jcxg"rqukvkxg"ghhgevu

qp"etqr"{kgnf0"Kp"vjku"uvwf{."vjg"ukmwncvkqp"tguwnvu"ujqygf

vjcv"kpetgcug"kp"tckphcnn"ngxgn"vq"vjg"vwpg"qh"3:"rgt"egpv"mkijv

pqv"jcxg"ukipkhkecpv"ghhgev"qp"uq{dgcp"{kgnf0"Jqygxgt."ykvj

kpetgcug"kp"EQ
4
"ngxgn"htqm"vjg"ewttgpv"582"rrm"cnqpi"ykvj

kpetgcukpi"vjg"tckphcnn"vq"72"rgt"egpv."vjg"{kgnf"ujqygf"c

rqukvkxg"vtgpf"*Hki0"6c+0"Ykvj"kpetgcukpi"vjg"EQ
4
"ngxgn"vq"972

rrm"cpf"tckphcnn"vq"72"rgt"egpv."vjg"uq{dgcp"{kgnfu"kpetgcugf

wrvq"52"rgt"egpv"htqm"vjg"ewttgpv"ngxgn"qh"rtqfwevkqp0"Vjg

eqghhkekgpv"qh"xctkcvkqp*EV+"qh"vjg"uq{dgcp"{kgnf"fcvc"ku

rtgugpvgf"kp"Hki0"6d0"Ncn"gv"cn0"*3;;;+"eqpenwfgf"vjcv"cewvg

ycvgt"uvtguu"fwg"vq"rtqnqpigf"ft{"urgnnu"fwtkpi"mqpuqqp

ugcuqp"eqwnf"dg"c"etkvkecn"hcevqt"hqt"vjg"uq{dgcp"rtqfwevkxkv{

gxgp"wpfgt"vjg"rqukvkxg"ghhgevu"qh"gngxcvgf"EQ
4
"kp"vjg"hwvwtg0

EQPENWUKQP

Vjku" uvwf{" tgxgcngf" vjcv" kpetgcug" kp" vgmrgtcvwtg

cfxgtugn{"chhgevgf"vjg"uq{dgcp"{kgnf0"Kpetgcug"vgmrgtcvwtg

eqmdkpgf"ykvj"jkijgt"tckphcnn"jcf"nqy"kmrcev"qp"uq{dgcp

{kgnf0"Jqygxgt."kpetgcug"kp"EQ
4
"jcf"hgtvknk|kpi"ghhgev"qp

Vcdng"3<Uqkn"rctcmgvtk|cvkqp"qh"CRUKO"mqfgn"hqt"vjg"gzrgtkmgpvcn"ukvg0

Uqkn"nc{gtem DF FWN UCV NN"37 QE rJ PJ
6
/P PQ

5
/P

Oi"m/5 m5"m/5 m5"m/5 m5"m/5 ' mi"mi/3 mi"mi/3

2/37 304: 205; 2073 2046 206; 90: 308 3702

37/52 3056 205: 206; 2049 2069 :02 30; 3402

52/82 3057 205; 2069 2049 2068 90; 307 :02

82/;2 3062 2062 2067 204: 2065 90; 307 607

;2/342 3067 2063 2067 204: 2063 :02 207 507

*c+ *d+

Hki0"6< Ukmwncvgf"*c+"uq{dgcp"itckp"{kgnf"cpf"kvu"*d+"eqghhkekgpv"qh"xctkcvkqp."cu"chhgevgf"ykvj"ejcpigu"kp"EQ
4
"eqpegpvtcvkqp

cpf"tckphcnn."ykvjqwv"ejcpigu"kp"vgmrgtcvwtg0
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uq{dgcp"{kgnf"dwv"kpetgcug"kp"{kgnf"ycu"mcumgf"d{"kpetgcug

kp"vgmrgtcvwtg0"Vjg"xctkgv{"uvwfkgf"fkfp‚v"tgurqpf"vq"kpetgcug

kp"tckphcnn"htqm"vjg"dcug"enkmcvg"*522"rrm+0"Kpetgcugf"tckphcnn

*72"rgt"egpv+"cnqpi"ykvj"kpetgcug"kp"EQ
4
"eqpegpvtcvkqp"*972

rrm+"hcxqtgf"uq{dgcp"{kgnf"d{"52"rgt"egpv0"Jqygxgt."vjg

hkpfkpiu"tgrqtvgf"kp"rtgugpv"kpxguvkicvkqp"fgrgpf"qp"vjg

mcp{"cuuwmrvkqpu"dwknv"kpvq"vjg"etqr"ukmwncvkqp"mqfgnu.

yjkej"pggf"vq"dg"kpeqtrqtcvgf"kp"vjg"hwvwtg"uvwfkgu"hqt"dgvvgt

cuuguumgpv"qh"hkpcn"{kgnf0"Jqygxgt."qxgtcnn"kmrcev"qh"enkmcvg
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