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A\mnl[]n   

A l_m_[l]b mno^s q[m ]ih^o]n_^ [n nb_ Aalc]ofnol[f Ciff_a_ [h^ R_m_[l]b 

Ihmncnon_, Cicg\[nil_ ni _mncg[n_ nb_ _p[jinl[hmjcl[ncih (ET) i` g[ct_ ]lij 

(Zea mays) ip_l 2 ]ihm_]oncp_ m_[mihm ch 2022-2023. Agiha nb_ ^cff_l_hn 

g_nbi^m om_^ ni _mncg[n_ ]lij _p[jinl[hmjcl[ncih, nb_ Fii^ [h^ Aalc]ofnol[f 

Ola[hct[ncih P_hg[h-Mihn_cnb gi^_f (FAO P-M) cm qc^_fs l_]iahct_^ [m nb_ 

mn[h^[l^ [jjli[]b `il ET _mncg[ncih. Tbcm mno^s [cg_^ ni ]igj[l_ nb_ 

_ff_]ncp_h_mm i` nbl__ [fn_lh[ncp_ g_nbi^m - Tbilhnbq[cn_ (TW), NDVI-\[m_^ 

[h^ j[h g_nbi^m [a[chmn nb_ FAO P_hg[h-Mihn_cnb (P-M) gi^_f ch 

_mncg[ncha g[ct_ _p[jinl[hmjcl[ncih. M_n_ilifiac][f ^[n[ q_l_ ]iff_]n_^ 

`lig nb_ TNAU q_[nb_l mn[ncih mj[hhcha nb_ j_lci^ `lig 2022 ni 2023.Tb_ 

j_l`ilg[h]_ i` nb_ _mncg[ncih g_nbi^m q[m [mm_mm_^ omcha mn[ncmnc][f g_nlc]m 

mo]b [m ]i_ffc]c_hn i` ^_n_lgch[ncih (R2), liin g_[h mko[l_^ _llil (RMSE), 

j_l]_hn[a_ _llil [h^ g_[h \c[m _llil. Tb_ `ch^cham l_p_[f_^ nb[n nb_ NDVI-

\[m_^ g_nbi^, l_fscha ih m[n_ffcn_ ^[n[, jlipc^_^ bcab_l []]ol[]s ch 

_mncg[ncha g[ct_ _p[jinl[hmjcl[ncih ]igj[l_^ ni nb_ FAO PM g_nbi^. 

Sj_]c`c][ffs, nb_ NDVI-\[m_^ g_nbi^ []bc_p_^ nb_ bcab_mn ]i_ffc]c_hn i` 

^_n_lgch[ncih (R2) i` 0.87 [h^ 0.89, nb_ fiq_mn RMSE i` 12.44 gg/gihnb [h^ 

15.5 gg/gihnb, nb_ fiq_mn j_l]_hn[a_ _llil i` 4.8 % [h^ 9.00 % [h^ nb_ 

fiq_mn g_[h \c[m _llil i` 5.5 [h^ 7.85 `il nb_ `clmn [h^ m_]ih^ m_[mihm 

l_mj_]ncp_fs. Tbcm mno^s bcabfcabnm nb_ _ff_]ncp_h_mm i` nb_ NDVI-\[m_^ ET 

_mncg[ncih g_nbi^ `il []]ol[n_fs [mm_mmcha g[ct_ _p[jinl[hmjcl[ncih. Wbcf_ 

nb_ FAO-56 P_hg[h-Mihn_cnb g_nbi^ cm bcabfs l_a[l^_^ `il cnm []]ol[]s ch 

\inb nb_il_nc][f [h^ jl[]nc][f ]ihn_rnm, nb_ ]igj[l[ncp_ _p[fo[ncih 

jl_m_hn_^ ch nbcm j[j_l iff_lm p[fo[\f_ chmcabnm `il m_f_]ncha [fn_lh[ncp_ 

g_nbi^m nb[n l_kocl_ f_mm ^[n[, j[lnc]of[lfs ch l_acihm qcnb fcgcn_^ ^[n[ 

[p[cf[\cfcns. 

 

K_sqil^m   

M[ct_; Ep[jinl[hmjcl[ncih; FAO P_hg[h Mihn_cnb g_nbi^; Tbilhnbq[cn_ 

g_nbi^; NDVI g_nbi^; P[h Ep[jil[ncih g_nbi^   

 

Ihnli^o]ncih   

A e_s i\mn[]f_ ch jl_]cmcih [alc]ofnol_ chpifp_m g[rcgctcha nb_ _ffc]c_h]s i` 

cllca[ncih q[n_l om[a_, _mj_]c[ffs `il ]lijm aliqh ch ij_h `c_f^m. F[lg_lm [l_ 

n[me_^ qcnb [^^l_mmcha oh]_ln[chnc_m ch q_[nb_l ]ih^cncihm [h^ q[n_l 
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RAGURAMAKRISHNAN   ET AL  2     

bnnjm://jf[hnm]c_h]_ni^[s.ihfch_ 

[p[cf[\cfcns j[lnc]of[lfs ch fcabn i` ]fcg[n_ ]b[ha_ (1). Ih 

g[hs l_acihm afi\[ffs, qb_l_ ij_h-`c_f^ ]lijm [l_ 

]ofncp[n_^ ^olcha ^ls m_[mihm qcnb fcgcn_^ l[ch`[ff, nb_ 

^_g[h^ `il cllca[ncih q[n_l cm ]bc_`fs ch`fo_h]_^ \s ]lij 

_p[jinl[hmjcl[ncih. Ep[jinl[hmjcl[ncih l_`_lm ni nb_ 

]ih]oll_hn nl[hm`_l i` q[n_l `lig micf ni nb_ [ngimjb_l_ 

\s pclno_ i` _p[jil[ncih [h^ nl[hmjcl[ncih qcnbch nb_ micf-

jf[hn msmn_g (2). Ihcnc[ffs, q[n_l n_h^m ni _p[jil[n_ 

jlcg[lcfs `lig nb_ micf ch [alc]ofnol[f `c_f^m ^olcha nb_ _[lfs 

jb[m_m i` ]lij ^_p_fijg_hn. Hiq_p_l, [m nb_ ]lij 

jlial_mm_m [h^ cnm ][hijs ]igjf_n_fs ]ip_lm nb_ micf, 

nl[hmjcl[ncih n[e_m jl_]_^_h]_ [m nb_ jlch]cj[f 

g_]b[hcmg `il q[n_l fimm. Tb_ ]igjf_rcns i` nbcm ^o[f 

jli]_mm jim_m [ mcahc`c][hn ]b[ff_ha_ `il _ffc]c_hn q[n_l 

l_miol]_ g[h[a_g_hn, h_]_mmcn[ncha gil_ jl_]cm_ [h^ 

[^[jncp_ [jjli[]b_m ch jl_]cmcih [alc]ofnol_ ni gcnca[n_ 

nb_ [^p_lm_ _ff_]nm i` ]fcg[n_ p[lc[\cfcns ih ]lij sc_f^ [h^ 

q[n_l om_ _ffc]c_h]s. 

 Tb_ jli^o]ncpcns i` ]lijm b[m [ g[dil cgj[]n ih 
q[n_l gip_g_hn pc[ micf-jf[hn-[ngimjb_l_ ]ihnchoog (3). 

Clij _p[jinl[hmjcl[ncih (ET]) bif^m cgg_hm_ cgjiln[h]_ 

ch f[h^ bs^lifias, cllca[ncih m]b_^ofcha [h^ nb_ [ffi][ncih 

i` q[n_l l_miol]_m (4). In m_lp_m [m [h _mm_hnc[f _f_g_hn i` 

nb_ bs^lifiac][f ]s]f_, _r_lncha ]lcnc][f ch`fo_h]_ ih nb_ 

_h_las ]s]f_ ]ih]_lhcha nb_ _r]b[ha_ i` f[n_hn b_[n (5). 

 Ep[jinl[hmjcl[ncih ]ihnlc\on_m [ pcn[f lif_ ch \inb 

bs^lifiac][f [h^ ]fcg[nifiac][f jli]_mm_m, l_jl_m_hncha 

[jjlircg[n_fs 70 % i` f[h^ jl_]cjcn[ncih [h^ b[lh_mmcha 

ip_l 50 % i` nb_ mif[l l[^c[ncih l_n[ch_^ \s nb_ E[lnb (6). 

A]]ol[n_fs jl_^c]ncha ]lij _p[jinl[hmjcl[ncih ][h \_ 

chmnlog_hn[f ch ]ihm_lpcha cllca[ncih q[n_l, j[lnc]of[lfs ch 

l_acihm qb_l_ cllca[ncih cm b_[pcfs l_fc_^ ojih `il ]lij 

aliqnb (7). Tb_l_`il_, jl_]cm_ `il_][mncha i` ]lij 

_p[jinl[hmjcl[ncih ][h _hb[h]_ \inb q[n_l om_ _ffc]c_h]s 

[h^ l_^o]_ q[n_l ]ihmogjncih ch ]lijm. 

 Wbcf_ _p[jinl[hmjcl[ncih bif^m ]lo]c[f mcahc`c][h]_ 

[]limm p[lciom [jjfc][ncihm, ^cl_]n g_[mol_g_hn jlip_m 

cgjl[]nc][f. Ihmn_[^, cn gomn \_ ch`_ll_^ \s i\m_lpcha 

_h_las [h^ q[n_l _r]b[ha_ [\ip_ p_a_n[n_^ mol`[]_m 

omcha gc]lig_n_ilifiac][f n_]bhcko_m il [m [ l_mc^o[f 

n_lg ch nb_ bs^lifiac][f \[f[h]_ nblioab g_nbi^m fce_ 

fsmcg_n_l [h^ micf q[n_l \o^a_n [h[fsmcm.  

 Qo[hnc`scha _p[jinl[hmjcl[ncih jim_m [ ]b[ff_ha_. 
Oh [ mg[ff_l m][f_, _p[jinl[hmjcl[ncih ][h \_ ^cl_]nfs 

g_[mol_^ omcha niifm mo]b [m fsmcg_n_l, micf gicmnol_ 

\[f[h]_ n_]bhcko_m il m[j `fiq g_[mol_g_hn ^_pc]_m. 

Wbcf_ fsmcg_n_l jlipc^_ [ ^cl_]n g_[hm i` g_[molcha ET, 

nb_cl afi\[f oncfct[ncih cm ]ihmnl[ch_^ \s bcab ]imnm [h^ 

f[\iol-chn_hmcp_ oje__j (8). Wbcf_ nb_m_ g_nbi^m jlipc^_ 

jl_]cm_ ^[n[, nb_s [l_ ift_h fcgcn_^ jl[]nc][f ]ihmnl[chnm, 

mo]b [m nb_ h__^ `il l_aof[l g[chn_h[h]_, bcab ]imn [h^ 

nb_ l_kocl_g_hn `il mj_]c`c] ]ih^cncihm. Cihm_ko_hnfs, 

^cl_]n g_[mol_g_hn cm hin `_[mc\f_ ip_l f[la_l [l_[m il 

l_acihm qcnb fcgcn_^ l_miol]_m. Ah [fn_lh[ncp_ inb_l 

[jjli[]b ni _mncg[n_ _p[jinl[hmjcl[ncih chpifp_m 

_gjfischa jbsmc][f-g[nb_g[nc][f gi^_fm, qbc]b l_fs ih 

g_n_ilifiac][f ^[n[ ni ]igjon_ nb_ _p[jinl[hmjcl[ncih 

l[n_ `il [ mn[h^[l^ l_`_l_h]_ ]lij (ETi). Tb_ n_lg ETi 

mj_]c`c][ffs l_`_lm ni nb_ g[rcgog l[n_ i` 

_p[jinl[hmjcl[ncih []bc_p[\f_ \s [ q_ff-q[n_l_^ al[mm 

mol`[]_ (9, 10). Nog_liom gi^_fm b[p_ \__h `ilgof[n_^ ni 

[]]iggi^[n_ [ l[ha_ i` ]fcg[n_m [h^ ncg_`l[g_m. Tb_m_ 

gi^_fm oncfct_ ]lij ]i_ffc]c_hnm (K]) ni _mncg[n_ 

_p[jinl[hmjcl[ncih `il ^cp_lm_ p_a_n[ncih nsj_m. Hiq_p_l, 

nb_cl _ff_]ncp_h_mm cm b_[pcfs ^_j_h^_hn ih nb_ jl_m_h]_ i` 

g_n_ilifiac][f mn[ncihm, qbc]b [l_ ift_h m][l]_ ch l_gin_ 

[l_[m il l_acihm i` f_mm_l _]ihigc] cgjiln[h]_. 

 Tb_ g_nbi^ cm qc^_fs l_a[l^_^ [m nb_ gimn 

[]]ol[n_ g_[hm i` ko[hnc`scha _p[jinl[hmjcl[ncih `lig 

l_[f f[h^ mol`[]_m oh^_l mj_]c`c] g_n_ilifiac][f 

]cl]ogmn[h]_m (11). Ih `[]n, ETi b[m \__h [ ]lo]c[f 

]igjih_hn ch hog_liom bs^lifiac][f gi^_fm `il [ 

mcahc`c][hn j_lci^, [m ijjim_^ ni []no[f ET (12). ETi jf[sm [ 

jcpin[f lif_ ch nb_ bs^lifiac][f jli]_mm \s ^_n_lgchcha 

q[n_l h__^m ch [alc]ofnol_ (13) [h^ `[]cfcn[ncha jl_]cmcih 

`[lgcha nblioab nb_ oncfct[ncih i` g_n_ilifiac][f 

j[l[g_n_lm (14). 

 Dcff_l_hn gi^_fm `il _mncg[ncha ETi [l_ ][n_ailct_^ 

\s nb_ mj_]c`c] ]fcg[n_ chjon nb_s l_kocl_. Tb_m_ 

_h]igj[mm g[mm-nl[hm`_l-\[m_^ n_]bhcko_m, n_gj_l[nol_-

^lcp_h [jjli[]b_m, l[^c[ncih-`i]om_^ n_]bhcko_m [h^ 

]ig\ch_^ g_nbi^m chn_al[ncha jlch]cjf_m i` g[mm nl[hm`_l, 

_h_las \[f[h]_ [h^ nb_ FAO P-M _ko[ncih. S_p_l[f 

m]c_hncmnm b[p_ [^pi][n_^ `il nb_ P-M g_nbi^ [m [ bcabfs 

_ffc]c_hn [jjli[]b `il _mncg[ncha l_`_l_h]_ 

_p[jinl[hmjcl[ncih ]igj[l_^ ni inb_l g_nbi^m (15). Tb_ 

P-M ETi g_nbi^ chn_al[n_m [ qc^_ [ll[s i` g_n_ilifiac][f 

p[lc[\f_m mo]b [m [cl n_gj_l[nol_, bogc^cns, qch^ mj__^ 

[h^ mif[l l[^c[ncih. Nih_nb_f_mm, hin [ff-q_[nb_l mn[ncihm 

b[p_ []]_mm ni mo]b _rn_hmcp_ g_n_ilifiac][f j[l[g_n_lm. 

 Cihm_ko_hnfs, cn m__gm jl[]nc][f ni ]ihmc^_l 

l_jf[]cha cn qcnb [fn_lh[ncp_ ETi g_nbi^m nb[n h_]_mmcn[n_ 

`_q_l g_n_ilifiac][f p[lc[\f_m (16). Tb_ jl_]cmcih i` [ 

mj_]c`c] ETi g_nbi^ifias l_fc_m mcahc`c][hnfs ih nb_ 

_hpclihg_hn[f ]ih^cncihm i` nb_ mno^s [l_[ (17). Ih l_acihm 

]b[l[]n_lct_^ \s bogc^ mo\nlijc][f ]fcg[n_m, nb_ P-M ETi 

[jjli[]b cm nsjc][ffs [^pcm_^ (18). 

 S_p_l[f mno^c_m b[p_ `ioh^ nb[n n_gj_l[nol_ [h^ 

l[^c[ncih-^lcp_h g_nbi^m `il _mncg[ncha 

_p[jinl[hmjcl[ncih (ETi) l_mofn ch nb_ bcab_mn p[fo_m, qbcf_ 

g_nbi^m l_fscha ih j[h-]i_ffc]c_hnm n_h^ ni jli^o]_ fiq_l 

p[fo_m (19). In b[m \__h ch`_ll_^ nb[n ch ^ls [h^ m_gc-[lc^ 

]fcg[n_m, g_nbi^m ^_j_h^_hn ih mif[l l[^c[ncih `il ETi 

_mncg[ncih g[s sc_f^ ch[^_ko[n_ ion]ig_m (20). Hiq_p_l, 

nb_ Tbilhnbq[cn_ g_nbi^ l_g[chm qc^_fs oncfct_^ [m cn ihfs 

l_kocl_m gihnbfs [p_l[a_ [cl n_gj_l[nol_ ^[n[ (21). 

 R_gin_ m_hmcha g_nbi^m [l_ bcabfs _ff_]ncp_ `il 

_mncg[ncha _p[jinl[hmjcl[ncih ip_l _rn_hmcp_ [l_[m 

jlipc^cha [ ]igjl_b_hmcp_ pc_q i` p[mn f[h^ _rj[hm_m 

ip_l ^cff_l_hn ncg_ j_lci^m (22). R_gin_ m_hmcha-\[m_^ 

g_nbi^ifiac_m b[p_ \__h qc^_fs _gjfis_^ `il ][f]of[ncha 

[h^ gihcnilcha _p[jinl[hmjcl[ncih ch ]lijf[h^m, mj[hhcha 

`lig l_acih[f ni afi\[f _rn_hnm (23). R_gin_ m_hmcha 

g_nbi^m ]iggihfs [jjfc_^ ch _mncg[ncha []no[f 

_p[jinl[hmjcl[ncih [l_ g[chfs alioh^_^ ch nqi 

`oh^[g_hn[f ]ih]_jnm: _h_las \[f[h]_ [h^ q[n_l \[f[h]_. 

Tb_ _h_las \[f[h]_ n_]bhcko_ ^_n_lgch_m []no[f 

_p[jinl[hmjcl[ncih \s [h[fstcha nb_ n_gj_l[nol_ 
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^cff_l_h]_ \_nq__h nb_ [cl [h^ nb_ f[h^ mol`[]_. Tb_m_ 

n_]bhcko_m omcha nb_lg[f ch`l[l_^ cg[a_m, ehiqh `il nb_cl 

mocn[\f_ mj[nc[f [h^ n_gjil[f l_mifoncih, ni i\n[ch nb_ 

f[h^ mol`[]_ n_gj_l[nol_ (24). Afnbioab nbcm g_nbi^ iff_lm 

[^p[hn[a_m, cn `l_ko_hnfs `[]_m mj[nc[f [h^ n_gjil[f oh^_l 

m[gjfcha ]b[ff_ha_m. Tbcm cm ^o_ ni nb_ ^cffc]ofns ch 

][jnolcha nb_ mo\mn[hnc[f p[lc[\cfcns i` f[h^ mol`[]_ 

n_gj_l[nol_ qcnb ]oll_hn m[n_ffcn_ m_hmilm. 

 Cihp_lm_fs, q[n_l \[f[h]_ g_nbi^m _gjfis 

l_gin_fs m_hm_^ p_a_n[ncih ch^c]_m ni _p[fo[n_ \cig[mm 

f_p_fm, qbc]b nsjc][ffs ^_gihmnl[n_ gil_ n_gjil[f 

mn[\cfcns. Tbcm jlipc^_m [ ^_jc]ncih i` p_a_n[ncih 

nl[hmjcl[ncih oh^_l `[piol[\f_ q[n_l ]ih^cncihm (25). Tb_ 

oncfct[ncih i` p_a_n[ncih ch^c]_m `il _mncg[ncha `l[]ncih[f 

p_a_n[ncih ]ip_l [h^ l_f[n_^ ]lij ]i_ffc]c_hnm (26). Ih [ 

mcgcf[l q[s, [hinb_l mno^s [cg_^ `il [ ]igj[l[\f_ 

i\d_]ncp_ \s oncfctcha ^cacn[f cg[a_ls (27). A gi^c`c][ncih ni 

nb_ NDVI g_nbi^ q[m moaa_mn_^ `il _mncg[ncha ^[cfs 

_p[jinl[hmjcl[ncih ch [l_[m qcnb fcgcn_^ q[n_l l_miol]_m 

(28). Tb_ [\cfcns ni _mncg[n_ ^[cfs ET omcha nb_m_ ch^c]_m 

[ffiqm `il gil_ jl_]cm_ gihcnilcha [h^ g[h[a_g_hn i` 

q[n_l l_miol]_m _h[\fcha \_nn_l ^_]cmcih-g[echa ch 

l_acihm qcnb ]ihmnl[ch_^ q[n_l [p[cf[\cfcns. 

 Uncfctcha l_gin_ m_hmcha n_]bhifias _h[\f_m nb_ 

_ffc]c_hn [h^ ]imn-_ff_]ncp_ _mncg[ncih i` ]lij 

_p[jinl[hmjcl[ncih [n \inb l_acih[f [h^ fi][f m][f_m, 

f_[^cha ni mcahc`c][hn m[pcham ch ncg_ [h^ l_miol]_m (29). 

R_gin_ m_hmcha `[]cfcn[n_m nb_ ][f]of[ncih i` ]lij 

]i_ffc]c_hnm \s [h[fstcha nb_ mj_]nl[f l_`f_]n[h]_ i\n[ch_^ 

`lig ^cff_l_hn p_a_n[ncih ch^c]_m (VIm) (30). Oon i` nb_ 

hog_liom p_a_n[ncih ch^c]_m [p[cf[\f_, nb_ NDVI cm hin[\f_ 

[m ih_ i` nb_ gimn `l_ko_hnfs om_^ ch^c]_m (31). In `oh]ncihm 

\[m_^ ih nb_ l_`f_]n[h]_ jlij_lnc_m i` l_^ [h^ h_[l-

ch`l[l_^ q[p_f_hanbm. Ih l_^ q[p_\[h^, ]bfilijbsff ch 

ojj_l f_[` f[s_lm jl_^igch[hnfs [\mil\m fcabn, qbcf_ ch 

b_[fnbs p_a_n[ncih, nb_ h_[l-ch`l[l_^ q[p_\[h^ cm 

l_`f_]n_^ \s nb_ chn_lh[f g_mijbsff mnlo]nol_, _hn_lcha 

^__j_l chni nb_ f_[` f[s_lm (32). Cihm_ko_hnfs, [ bcab NDVI 

m]il_ ch^c][n_m li\omn, ^_hm_ p_a_n[ncih. Tbcm cm 

^cmnchaocmb_^ \s jlihioh]_^ l_`f_]n[h]_ ch nb_ h_[l-

ch`l[l_^ (NIR) q[p_\[h^ [h^ gchcg[f l_`f_]n[h]_ ch nb_ 

l_^ q[p_\[h^ (33). Clij ]i_ffc]c_hnm ^_lcp_^ `lig 

p_a_n[ncih ch^c]_m (VIm) iff_l [ gil_ ^_j_h^[\f_ g_[mol_ 

i` _p[jinl[hmjcl[ncih (ET]) ]igj[l_^ ni n[\of[n_^ e] 

p[fo_m, [m nb_s gcllil nb_ []no[f aliqnb ]ih^cncihm i` 

]lijm [h^ [^[jn ni mj[nc[f ^cff_l_h]_m []limm p[lciom `c_f^m 

(34). 

 A l_m_[l]b chp_mnca[ncih mj[hh_^ nqi mo]]_mmcp_ 

m_[mihm ni _mncg[n_ ]lij _p[jinl[hmjcl[ncih ch g[ct_, 

_gjfischa ^cp_lm_ g_nbi^ifiac_m ch]fo^cha nb_ 

Tbilhnbq[cn_ g_nbi^, P_hg[h-Mihn_cnb g_nbi^, j[h 

_p[jil[ncih g_nbi^ [h^ NDVI-\[m_^ l_gin_ m_hmcha 

n_]bhcko_. Tb_ jlch]cj[f [cg q[m ni _p[fo[n_ nb_ 

_ff_]ncp_h_mm i` nb_ Tbilhnbq[cn_, NDVI-\[m_^ l_gin_ 

m_hmcha [jjli[]b_m [h^ j[h _p[jil[ncih g_nbi^m \s 

p[fc^[ncha nb_g [a[chmn nb_ FAO P_hg[h-Mihn_cnb 

g_nbi^. 

 

M[n_lc[fm [h^ M_nbi^m 

Erj_lcg_hn[f mcn_  

Tb_ _rj_lcg_hn[f mcn_ q[m mcno[n_^ [n nb_ E[mn_lh F[lg i` 

nb_ Aalc]ofnol[f Ciff_a_ [h^ R_m_[l]b Ihmncnon_, T[gcf 

N[^o Aalc]ofnol[f Uhcp_lmcns, Cicg\[nil_, qcnb 

a_ial[jbc][f ]iil^ch[n_m [jjlircg[n_fs 11.0086°N 

f[ncno^_ [h^ 76.09385°E fihacno^_. Sicf jl_j[l[ncih 

chpifp_^ chcnc[f ]ofncp[ncih qcnb [ ]ofncp[nil `iffiq_^ \s 

`olnb_l l_`ch_g_hn omcha [ lin[p[nil ni _hmol_ ijncg[f 

ncfnb. Tb_ f[n_l[fm q_l_ jimcncih_^ [n chn_lp[fm i` 60 ]g [h^ 

m__^m i` nb_ Ci (H) M6 p[lc_ns q_l_ miqh [n [ l[n_ i` 25 ea/

b[, mj[]_^ 25 ]g [j[ln qcnbch nb_ f[n_l[fm. F_lncfct[ncih 

`iffiq_^ TNAU l_]igg_h^[ncihm `il bs\lc^ g[ct_, qcnb [ 

]igjimcncih i` 250:75:75 ea/b[ i` NPK l_mj_]ncp_fs. Tb_ 

_rj_lcg_hn q[m ]ih^o]n_^ ip_l 2 ]ihm_]oncp_ m_[mihm, 

mj_]c`c][ffs ^olcha nb_ mogg_l [h^ Kharif m_[mihm i` 2023.  

Ep[jinl[hmjcl[ncih g_nbi^m 

Penman - Monteith (PM) Method 

Tb_ P_hg[h-Mihn_cnb g_nbi^ cm ]iggihfs om_^ [m [ 

l_`_l_h]_ `il _mncg[ncha _p[jinl[hmjcl[ncih (ETi). V[lciom 

mno^c_m b[p_ mbiqh nb[n nbcm g_nbi^ cm ^_j_h^[\f_ `il 

_mncg[ncha ET0 []limm ^cp_lm_ q_[nb_l ]ih^cncihm (35). Tb_ 

P_hg[h-Mihn_cnb (PM) g_nbi^ (36), m_lp_m [m nb_ 

[jjli[]b `il ^_n_lgchcha jin_hnc[f _p[jinl[hmjcl[ncih 

(ETi). 

Ih nbcm ]ihn_rn, ET0 l_jl_m_hnm nb_ l_`_l_h]_ 

_p[jinl[hmjcl[ncih (gg ^[s-1). Rh ch^c][n_m h_n l[^c[hn 

_h_las l_]_cp_^ [n nb_ ]lij'm mol`[]_ (MJ/g²/^), qbcf_ G 

^_hin_m nb_ micf b_[n `for ^_hmcns (MJ/g²/^). T l_jl_m_hnm 

nb_ [cl n_gj_l[nol_ [n [ b_cabn i` 2 g, g_[mol_^ ch 

^_al__m C_fmcom (°C). Tb_ p[lc[\f_ o2 ^_hin_m nb_ qch^ 

mj__^ g_[mol_^ [n 2 g [\ip_ nb_ alioh^, _rjl_mm_^ ch 

g_n_lm j_l m_]ih^ (g/m). 

 Tb_ n_lg “_m” ^_hin_m nb_ p[jil jl_mmol_ qb_h nb_ 

[cl cm ]igjf_n_fs m[nol[n_^ qcnb gicmnol_ (eP[), qbcf_ “_[” 

l_jl_m_hnm nb_ []no[f p[jil jl_mmol_ (eP[). Tb_ ^cff_l_h]_ 

\_nq__h _m [h^ _[, _m - _[, l_jl_m_hnm nb_ m[nol[ncih p[jil 

jl_mmol_ ^_`c]cn. Δ ch^c][n_m nb_ ]b[ha_ l[n_ i` m[nol[ncih 

p[jil jl_mmol_ qcnb n_gj_l[nol_ (eP[/°C) [h^ γ cm nb_ 

jms]blig_nlc] ]ihmn[hn, qbc]b ko[hnc`c_m nb_ l_f[ncihmbcj 

\_nq__h b_[n [h^ gicmnol_ (eP[/°C). 

Thornthwaite Method 

A `ilgof[ ^_p_fij_^ ni _mncg[n_ jin_hnc[f _p[jil[ncih 
(PET) \s n[echa chni []]iohn nb_ g_[h [cl n_gj_l[nol_ [h^ 

nb_ ^ol[ncih i` ^[sfcabn biolm `il _[]b gihnb (37, 38). 

Tb_ Mihnbfs H_[n Ih^_r (c) ][h \_ ]igjon_^ omcha nb_ 

`iffiqcha `ilgof[:  

  c = (T/5)1.514  

H_l_, n - g_[h gihnbfs n_gj_l[nol_ 

Tb_ ]ogof[ncp_ mog i` Mihnbfs H_[n Ih^c]_m (c) _ko[n_m ni 

nb_ p[fo_ i` nb_ Ahho[f H_[n Ih^_r.   
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Pin_hnc[f Ep[jinl[hmjcl[ncih (PET) `il _[]b gihnb cm 

][f]of[n_^ \[m_^ ih nb_ [mmogjncih i` [ 30 ^[sm gihnb 

[h^ nb_il_nc][ffs 12 b i` mohfcabn j_l ^[s. Tb_ `iffiqcha 

`ilgof[ cm [jjfc_^ ni _mncg[n_ PET 

                         PET hih ]ill_]n_^ = 16(10T/I) [ 

Wb_l_; 

 [ = 6.75 r 10-7I3 - 7.71 r 10-5I2 + 1.792 r 10-3I + 0.49239 

Tb_ ][f]of[n_^ p[fo_m [l_ nb_h [^domn_^ []]il^cha ni nb_ 

[]no[f hog\_l i` ^[sm ch nb_ gihnb [h^ nb_ _rj_]n_^ 

mohmbch_ ^ol[ncih mj_]c`c] ni nb_ f[ncno^_. Tbcm [^domng_hn 

_gjfism [ `ilgof[ ni l_`ch_ nb_ chcnc[f _mncg[n_ ch 

[]]il^[h]_ qcnb nb_m_ l_[f-qilf^ `[]nilm. 

  PET = PET hih ]ill_]n_^ r N/12 r ^/30 

Pan evaporation  

Ep[jinl[hmjcl[ncih ][h \_ _mncg[n_^ omcha nb_ j[h 

_p[jil[ncih g_nbi^, oncfctcha nb_ `iffiqcha `ilgof[: 

   ETi = Ej[h r Kj 

ETi l_jl_m_hnm l_`_l_h]_ _p[jinl[hmjcl[ncih (gg/^[s), 
qb_l_ Kj ^_hin_m nb_ j[h ]i_ffc]c_hn (nsjc][ffs [lioh^ 0.7) 

[h^ Ej[h mn[h^m `il j[h _p[jil[ncih, [fmi g_[mol_^ ch 

gcffcg_n_lm j_l ^[s. 

Evapotranspiration based on NDVI 

Tb_ _rn_hn i` fcp_ al__h p_a_n[ncih ][h \_ ko[hncn[ncp_fs 

g_[mol_^ omcha nb_ NDVI, qbc]b l[ha_m `lig -1 ni +1. A 

bcab_l NDVI p[fo_ ch^c][n_m [ al_[n_l jl_m_h]_ i` fcp_ 

al__h p_a_n[ncih ch nb_ [l_[. L[h^m[n'm B[h^ 4 ][jnol_m 

l_`f_]n[h]_ ch nb_ h_[l-ch`l[l_^ (NIR) l[ha_, qcnb 

q[p_f_hanbm `lig 0.77 ni 0.90 gc]lihm, qbcf_ B[h^ 3 

g_[mol_m l_`f_]n[h]_ ch nb_ l_^ jilncih i` nb_ mj_]nlog, 

mj[hhcha `lig 0.63 ni 0.69 gc]lihm. Tb_ g_nbi^ `il 

]igjoncha nb_ NDVI `il ch^cpc^o[f jcr_fm ch [ ]f[mmc`c_^ 

g[j cm ionfch_^ [m `iffiqm. 

 

 

 

NDVI q[m ]igjon_^ `il _[]b jcr_f i` nb_ cg[a_ [h^ 
mo\m_ko_hnfs cn q[m [p_l[a_^ ni i\n[ch Fl[]ncih[f 

V_a_n[ncih Cip_l.  

Emncg[ncih i` Fl[]ncih[f V_a_n[ncih Cip_l: Tb_ `l[]ncih 

i` p_a_n[ncih ]ip_l ][h \_ [mm_mm_^ \s [^domncha nb_ NDVI, 

_mncg[ncha cn \[m_^ ih p[fo_m nb[n l[ha_ `lig [ ]igjf_n_ 

p_a_n[ncih ][hijs ni \[l_ micf (39). In ][h \_ ]igjon_^ 

omcha nb_ `iffiqcha `ilgof[. 

 N* = (NDVI -NDVI0) / (NDVIg[r - NDVI0) 

Ih nbcm ]ihn_rn, nb_ NDVI p[fo_ `il \[l_ micf [m ][jnol_^ \s 

L[h^m[n cm ^_hin_^ [m NDVI0, qbcf_ nb_ g[rcgog NDVI 

p[fo_ `il ^_hm_ p_a_n[ncih ]ip_l cm l_jl_m_hn_^ [m 

NDVIg[r. Tb_ `l[]ncih[f p_a_n[ncih ]ip_l cm ^_n_lgch_^ 

omcha nb_ `ilgof[.      

   Fl = (N*)2 

Tb_ `l[]ncih[f p_a_n[ncih ][h \_ i\n[ch_^ \s mko[lcha nb_ 

N* p[fo_. 

Emncg[ncih i` R_`_l_h]_ Ep[jinl[hmjcl[ncih: Tb_ 

l_`_l_h]_ _p[jinl[hmjcl[ncih `il nb_ j_lci^ i` NDVI 

_mncg[ncih ][h \_ ]igjon_^ omcha nb_ q_[nb_l ^[n[ 

]iff_]n_^ `lig [ h_[l\s q_[nb_l mn[ncih. 

Emncg[ncih i` A]no[f Ep[jinl[hmjcl[ncih: Tb_ []no[f 

_p[jinl[hmjcl[ncih ][h \_ ]igjon_^ \s gofncjfscha nb_ 

l_`_l_h]_ _p[jinl[hmjcl[ncih p[fo_ \s nb_ `l[]ncih[f 

p_a_n[ncih ]ip_l ^_lcp_^ `lig NDVI (Fca. 1). 

 AET = Fl[]ncih i` p_a_n[ncih r R_` ET 

Ep[fo[ncih ]lcn_lc[ 

Tb_ []]ol[]s i` _[]b _p[jinl[hmjcl[ncih _mncg[ncih 

g_nbi^ q[m [mm_mm_^ \s ]igj[lcha cn qcnb nb_ 

_p[jinl[hmjcl[ncih _mncg[n_m ^_lcp_^ `lig nb_ FAO P-M 

`il nb_ mj_]c`c_^ j_lci^. Ih nbcm [h[fsmcm, p[lciom g_nlc]m 

[l_ _gjfis_^ ni [mm_mm nb_ []]ol[]s i` _p[jinl[hmjcl[ncih 

][f]of[ncih g_nbi^m. Tb_m_ g_nlc]m ]igjlcm_ nb_ Riin 

M_[h Sko[l_ Ellil (RMSE), P_l]_hn[a_ Ellil (PE), M_[h 

Bc[m Ellil (MBE) [h^ nb_ Ci_ffc]c_hn i` D_n_lgch[ncih (R2). 

Tb_ `ilgof[m `il RMSE, PE, MBE [h^ R2 [l_ [m `iffiqm 

 

 

 

 

 

 

 

 

 

 

Fca. 1. Ffiq]b[ln `il _mncg[ncih i` ET omcha NDVI g_nbi^. 
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R_mofnm [h^ Dcm]ommcih  

Tb_ []]ol[]s i` _p[jinl[hmjcl[ncih g_nbi^m mo]b [m 

Tbilhnbq[cn_, NDVI [h^ j[h _p[jil[ncih cm [mm_mm_^ 

[a[chmn nb_ FAO mn[h^[l^ P_hg[h Mihn_cnb g_nbi^ omcha 

mn[ncmnc][f [h[fsmcm. In cm hin jl[]nc][f ni _p[fo[n_ nb_ ip_l[ff 

j_l`ilg[h]_ i` nb_m_ g_nbi^m \[m_^ mif_fs ih [ mchaf_ 

j[l[g_n_l, mo]b [m nb_ ]i_ffc]c_hn i` ^_n_lgch[ncih, 

\_][om_ []]ol[n_fs [mm_mmcha nb_cl []]ol[]s cm [ 

gofnc`[]_n_^ ]b[ff_ha_. Ep[fo[ncha nb_m_ g_nbi^m mif_fs ih 

[ mchaf_ j[l[g_n_l fce_ nb_ ]i_ffc]c_hn i` ^_n_lgch[ncih cm 

cgjl[]nc][f ^o_ ni nb_ ]igjf_rcns chpifp_^ ch [mm_mmcha nb_cl 

[]]ol[]s. Erj_lcg_hn[f ^[n[, ^_mjcn_ cnm p[fo_, b[m 

fcgcn[ncihm ^o_ ni nb_ ^cffc]ofns ch l_jfc][ncha nb_ jl_]cm_ 

]ih^cncihm l_kocl_^ `il []]ol[n_ _p[jinl[hmjcl[ncih 

_mncg[ncih. Tb_l_`il_, _p[fo[ncha nb_m_ g_nbi^m mbiof^ 

jlcilcnct_ nb_cl jbsmc][f [h^ ^sh[gc] ]b[l[]n_lcmnc]m, 

j[lnc]of[lfs biq ]fim_fs nb_cl _mncg[n_m ]ill_mjih^ qcnb 

mn[h^[l^ ET p[fo_m. T[\f_ 1 [h^ T[\f_ 2 ^_jc]n nb_ mn[ncmnc][f 

]igj[lcmih i` nb_ _p[jinl[hmjcl[ncih g_nbi^m `il 2 

]ihm_]oncp_ m_[mihm. Tb_ ]i_ffc]c_hn i` ^_n_lgch[ncih 

\_nq__h nbim_ g_nbi^m q[m acp_h ch Fca. 2.  

Comparison between Thornthwaite and Penman-Monteith 

method: 

Clij _p[jinl[hmjcl[ncih q[m ]igjon_^ omcha nb_ FAO ]lij 

]i_ffc]c_hn g_nbi^ qcnb l_`_l_h]_ _p[jinl[hmjcl[ncih 

^_n_lgch_^ omcha n_gj_l[nol_ ^[n[ pc[ nb_ Tbilhnbq[cn_ 

g_nbi^. Ih S_[mih I (mogg_l m_[mih), g[ct_ q[m miqh ch 

M[l]b [h^ b[lp_mn_^ ch Joh_. Ih S_[mih II (Kharif m_[mih), 

nb_ ]lij q[m miqh ch Aoaomn [h^ b[lp_mn_^ ch Nip_g\_l 

2023. Tb_ q_[nb_l ^[n[ `il nb_ mno^s j_lci^ cm l_jl_m_hn_^ 

ch Fca. 3. Mihnbfs ][f]of[ncihm i` ]lij _p[jinl[hmjcl[ncih 

q_l_ j_l`ilg_^ omcha nb_m_ `iol g_nbi^m, qcnb ]ogof[ncp_ 

nin[fm ]igjon_^ `il _[]b m_[mih. Fil nb_ gihnbm i` M[l]b, 

Ajlcf, M[s [h^ Joh_, _p[jinl[hmjcl[ncih _mncg[n_^ \s nb_ 

Tbilhnbq[cn_ g_nbi^ q[m 419.3 gg, qbcf_ nb_ FAO 

mn[h^[l^ P_hg[h-Mihn_cnb g_nbi^ sc_f^_^ [jjlircg[n_fs 

476 gg. Tb_ ]igj[lcmih \_nq__h nb_m_ g_nbi^m q[m 

mn[ncmnc][ffs [h[fst_^ omcha Riin M_[h Sko[l_ Ellil (RMSE), 

P_l]_hn Ellil (PE), M_[h Bc[m Ellil (MBE) [h^ nb_ ]i_ffc]c_hn 

i` ^_n_lgch[ncih (R2). Tbcm ]igjl_b_hmcp_ mn[ncmnc][f 

_p[fo[ncih jlipc^_^ chmcabnm chni nb_ l_f[ncp_ j_l`ilg[h]_ 

[h^ []]ol[]s i` _[]b g_nbi^ oh^_l p[lscha m_[mih[f 

]ih^cncihm. Tb_ Tbilhnbq[cn_ g_nbi^, qbcf_ mcgjf_l [h^ 

l_fc[hn ih `_q_l g_n_ilifiac][f chjonm, ^_gihmnl[n_^ 

^cm]l_j[h]c_m qb_h ]igj[l_^ ni nb_ gil_ li\omn FAO P-M 

g_nbi^ qbc]b chn_al[n_m [ qc^_l l[ha_ i` ]fcg[nc] p[lc[\f_m. 

Tb_ `ch^cham oh^_lm]il_ nb_ h_]_mmcns i` m_f_]ncha 

[jjlijlc[n_ ET _mncg[ncih g_nbi^ \[m_^ ih nb_ mj_]c`c] 

]fcg[nc] [h^ [alc]ofnol[f ]ihn_rnm ni _hmol_ []]ol[n_ q[n_l 

l_miol]_ g[h[a_g_hn.  

 Dolcha mogg_l m_[mih, nb_ bcab_mn 

_p[jinl[hmjcl[ncih i]]oll_^ ch M[s, l_]il^cha 148.9 gg 

omcha nb_ Tbilhnbq[cn_ g_nbi^ [h^ 171.8 gg omcha nb_ 

P_hg[h Mihn_cnb g_nbi^. Ih ]ihnl[mn, nb_ fiq_mn 

_p[jinl[hmjcl[ncih q[m i\m_lp_^ ^olcha nb_ p_a_n[ncp_ 

mn[a_ ch M[l]b, g_[molcha 58.4 gg qcnb nb_ Tbilhnbq[cn_ 

g_nbi^ [h^ 40.9 gg qcnb nb_ P_hg[h Mihn_cnb g_nbi^, 

l_mj_]ncp_fs. Nin[\fs, nb_ Tbilhnbq[cn_ g_nbi^ n_h^m ni 

ip_l_mncg[n_^ _p[jinl[hmjcl[ncih ch nb_ `clmn nbl__ gihnbm 

(M[l]b, Ajlcf, M[s) [h^ oh^_l_mncg[n_^ cn ch nb_ f[mn gihnb 

(Joh_) i` S_[mih I. Ih S_[mih II (Kharif), nb_ Tbilhnbq[cn_ 

g_nbi^ ip_l_mncg[n_^ _p[jinl[hmjcl[ncih ch nb_ `clmn 

gihnb (Aoaomn) [h^ oh^_l_mncg[n_^ cn ^olcha nb_ f[mn nbl__ 

gihnbm (S_jn_g\_l, O]ni\_l [h^ Nip_g\_l) qb_h 

]igj[l_^ ni nb_ FAO PM g_nbi^. Tb_ Tbilhnbq[cn_ 

g_nbi^ q[m ^_p_fij_^ `il ]ih^cncihm qb_l_ n_gj_l[nol_ 

g_[mol_g_hnm [l_ n[e_h oh^_l ijncg[f ]cl]ogmn[h]_m, 

^_jc]ncha jin_hnc[f _p[jil[ncih ch nb_ [\m_h]_ i` micf 

gicmnol_ mnl_mm (21). In q[m l_jiln_^ nb[n Tbilhnbq[cn_ 

g_nbi^ g[s l_mofn ch [h ip_l_mncg[ncih i` jin_hnc[f 

_p[jil[ncih ch [lc^ l_acihm. Mil_ip_l, nb_ ]i_ffc]c_hn i` 

^_n_lgch[ncih (R2) i\n[ch_^ `lig ]igj[lcha nb_m_ nqi 

g_nbi^m q[m 0.62 `il S_[mih I (Sogg_l) [h^ 0.63 `il 

S_[mih II (Kharif). A bcab_l R2 p[fo_ ch^c][n_m al_[n_l 

[]]ol[]s ch _p[jinl[hmjcl[ncih _mncg[ncih qb_h ]igj[l_^ 

ni nb_ FAO P-M g_nbi^. 

 Tb_ ]igj[lcmih \_nq__h nb_ Tbilhnbq[cn_ [h^ 

P_hg[h Mihn_cnb g_nbi^m sc_f^_^ RMSE p[fo_m i` 32.8 

gg/gihnb `il S_[mih I [h^ 25.6 gg/gihnb `il S_[mih II. 

A^^cncih[ffs, nb_ j_l]_hn[a_ _llilm q_l_ 13.5 % ch S_[mih I 

[h^ 19.82 % ch S_[mih II qb_h omcha nb_ Tbilhnbq[cn_ 

Emncg[ncih M_nbi^m R_al_mmcih _ko[ncih R2 RMSE P_l]_hn[a_ Ellil M_[h \c[m _llil 

Tbilhnbq[cn_ g_nbi^ s = 1.0011r + 14.053 0.6211 32.805 13.50 14.2 

NDVI M_nbi^ s = 1.0692r - 2.3695 0.878 12.44 4.8 5.5 

P[h _p[jil[ncih 
M_nbi^ s = 0.969r + 26.189 0.5721 39.11 24.24 23.2 

T[\f_ 1.  Sn[ncmnc][f [h[fsmcm `il S_[mih I. 

Emncg[ncih M_nbi^m 
R_al_mmcih 

_ko[ncih 
R2 RMSE P_l]_hn[a_ Ellil M_[h \c[m _llil 

Tbilhnbq[cn_ g_nbi^ s = 1.4869r - 22.909 0.6356 25.62 19.82 15.72 

NDVI M_nbi^ s = 0.9209r + 14.752 0.8948 15.54 9.00 7.85 

P[h _p[jil[ncih M_nbi^ s = 0.7212r + 43.391  0.6198 34.25 32.70 23.42 

T[\f_ 2.  Sn[ncmnc][f [h[fsmcm `il S_[mih II. 
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Tbilhnbq[cn_ g_nbi^ pm P_hg[h Mihn_cnb g_nbi^ 

NDVI g_nbi^ pm P_hg[h Mihn_cnb g_nbi^ 

P[h _p[jil[ncih g_nbi^ pm P_hg[h-Mihn_cnb g_nbi^ 

Fca. 2. Ci-_ffc]c_hn i` ^cff_l_hnc[ncih `il g[ct_ ]lij ^olcha S_[mih I [h^ S_[mih II. 
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g_nbi^ ]igj[l_^ ni nb_ PM g_nbi^. Tb_ M_[h Bc[m Ellil 

(MBE) p[fo_m ]igjon_^ `il S_[mih I [h^ S_[mih II q_l_ 14.2 

[h^ 15.7 l_mj_]ncp_fs, ch^c][ncha nb_ [p_l[a_ ^_pc[ncih 

\_nq__h nb_ Tbilhnbq[cn_ g_nbi^ [h^ nb_ FAO P-M 

g_nbi^ []limm nb_ 2 m_[mihm. Wb_h ]igj[lcha nb_ 

Tbilhnbq[cn_ g_nbi^ qcnb nb_ FAO P_hg[h-Mihn_cnb, cn 

q[m i\m_lp_^ nb[n nb_ Tbilhnbq[cn_ g_nbi^ n_h^m ni 

oh^_l_mncg[n_ ]lij _p[jinl[hmjcl[ncih. Tbcm ^cm]l_j[h]s 

g[s \_ [nnlc\on_^ ni nb_ `[]n nb[n nb_ Tbilhnbq[cn_ g_nbi^ 

l_fc_m mif_fs ih n_gj_l[nol_ [m [h chjon j[l[g_n_l. A mno^s 

q[m ]ih^o]n_^ ih ^cff_l_hn _p[jinl[hmjcl[ncih g_nbi^m, 

p[fc^[ncha nb_g [a[chmn nb_ FAO P_hg[h-Mihn_cnb g_nbi^. 

Tb_ `ch^cham l_p_[f_^ nb[n n_gj_l[nol_-\[m_^ g_nbi^m, 

mo]b [m nb_ Tbilhnbq[cn_ g_nbi^, j_l`ilg_^ ch[^_ko[n_fs 

]igj[l_^ ni nb_ FAO P-M g_nbi^ (40).  

 Tb_ Tbilhnbq[cn_ g_nbi^ `il _mncg[ncha 

_p[jinl[hmjcl[ncih oh^_l_mncg[n_m \s 15-19 % ]igj[l_^ 

ni nb_ FAO P_hg[h-Mihn_cnb g_nbi^ (13). Tbcm bcabfcabnm 

nb_ h__^ `il [^^cncih[f j[l[g_n_lm \_sih^ n_gj_l[nol_ 

[fih_ ni []bc_p_ []]ol[]s ]igj[l[\f_ ni nb_ PM g_nbi^. 

T_gj_l[nol_-\[m_^ g_nbi^m nsjc][ffs sc_f^ ]ill_f[ncih 

]i_ffc]c_hnm \_nq__h 0.32 ni 0.35, ch^c][ncha [ q_[e 

l_f[ncihmbcj. Tbcm `ch^cha ]ihnl[mnm qcnb [hinb_l mno^s, 

qbc]b ^_gihmnl[n_^ l_[mih[\f_ _llil [h[fsmcm [h^ 

]ill_f[ncih \_nq__h nb_ Tbilhnbq[cn_ [h^ P-M g_nbi^m \on 

hin_^ [ jiil ]ill_f[ncih mj_]c`c][ffs qcnb 

_p[jinl[hmjcl[ncih (41). A]]il^cha ni Tb_ fiq ]ill_f[ncih 

]i_ffc]c_hn i` nb_ Tbilhnbq[cn_ g_nbi^ moaa_mnm cnm 

ohmocn[\cfcns `il []]ol[n_fs jl_^c]ncha _p[jinl[hmjcl[ncih 

(42). Tb_ Tbilhnbq[cn_ g_nbi^ mbiq_^ p_ls jiil l_mofnm 

qb_h ]igj[l_^ ni nb_ FAO P_hg[h-Mihn_cnb g_nbi^, qcnb 

liin g_[h mko[l_ _llil (RMSE) p[fo_m l[hacha `lig 0.38 ni 

0.65 gg/^[s (43). Scgcf[lfs, [hinb_l mno^s l_ch`il]_^ nb_ 

fcgcn[ncihm i` nb_ Tbilhnbq[cn_ g_nbi^ ch _mncg[ncha 

_p[jinl[hmjcl[ncih, `ch^cha ]igj[l[\f_ l_mofnm qb_h 

]igj[l_^ ni gil_ ]igjl_b_hmcp_ g_nbi^m fce_ nb_ FAO 

P_hg[h-Mihn_cnb (26). 

Comparison of NDVI-based ET method with FAO Penman-

Monteith Method 

B[m_^ ih NDVI, [ m[n_ffcn_-\[m_^ g_nbi^ `il _mncg[ncha 

_p[jinl[hmjcl[ncih, nb_ g[ct_ ]lij mbiqm bcab_mn []]ol[]s 

qb_h ]igj[l_^ ni nb_ Tbilhnbq[cn_ [h^ j[h _p[jil[ncih 

g_nbi^m, j[lnc]of[lfs [fcahcha ]fim_fs qcnb nb_ FAO P_hg[h 

Mihn_cnb g_nbi^. ET] g[jm q_l_ a_h_l[n_^ \s gofncjfscha 

jcr_f-qcm_ K] g[jm qcnb _mncg[n_^ l_`_l_h]_ 

_p[jinl[hmjcl[ncih (ETi) omcha ARC GIS miftq[l_. Dolcha nb_ 

`clmn m_[mih, NDVI ][f]of[n_^ [ g[rcgog ET i` 7.83 gg/^[s 

ch Ajlcf, qcnb [h NDVI-\[m_^ K] `[]nil i` 0.85. Tb_ K] p[fo_m 

i\n[ch_^ `lig nb_ NDVI-\[m_^ g_nbi^ `il nb_ g[ct_ `c_f^ 

mn[ln_^ fiq [n nb_ chcnc[f mn[a_ i` nb_ ]lij (0.2). 

So\m_ko_hnfs, K] ch]l_[m_^ ni [ g[rcgog i` 0.85 ^olcha nb_ 

gc^-m_[mih mn[a_ i` nb_ ]lij. Ih nb_ `clmn m_[mih, nb_ K] 

p[fo_m ^_lcp_^ `lig NDVI `il nb_ g[ct_ ]lij mn[ln_^ [n 0.2 

^olcha nb_ chcnc[f mn[a_, j_[e_^ [n 0.85 ch gc^-m_[mih, 

^_]l_[m_^ ni 0.65 [h^ `ch[ffs ^lijj_^ ni 0.37 \s nb_ _h^ i` 

nb_ ]lijjcha m_[mih. Ih nb_ m_]ih^ m_[mih, nb_ chcnc[f K] q[m 

0.2, l_[]b_^ [ g[rcgog i` 0.90 [h^ nb_h ^_]l_[m_^ ni 0.3 

\s nb_ m_[mih _h^. Tb_ NDVI-^_lcp_^ K] ]olp_m i\m_lp_^ \s 

l_m_[l]b_lm _rbc\cn_^ fiq p[fo_m ch nb_ _[lfs mn[a_m, 

ch]l_[m_^ ^olcha nb_ gc^^f_ i` nb_ m_[mih [h^ nb_h mfcabnfs 

^_]fch_^ niq[l^m nb_ _h^ i` nb_ m_[mih. Tb_ NDVI ]olp_m 

[h^ nb_ K] p[fo_m ^_lcp_^ `lig NDVI cm acp_h ch Fca. 4. Tb_ 

NDVI ]olp_m `il `il[a_ ]ilh a_hnfs ch]l_[mcha `lig _[lfs ni 

gc^-m_[mih [h^ nb_h mn[\cfctcha ohncf nb_ _h^ i` nb_ m_[mih 

(44). Tbcm ]ihmcmn_h]s ch NDVI ^_lcp_^ K] p[fo_m oh^_lm]il_m 

nb_ g_nbi^’m l_fc[\cfcns ch ][jnolcha nb_ n_gjil[f ^sh[gc]m 

i` nb_ ]lij aliqnb mn[a_, g[echa cn [ p[fo[\f_ niif `il 

[]]ol[n_fs _mncg[ncha ]lij q[n_l om[a_ [h^ ET. 

 

Fca. 3. W_[nb_l ^[n[ `il nb_ s_[l 2022-2023. 
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 Dolcha nb_ `clmn m_[mih i` g[ct_ ]ofncp[ncih, nb_ 

g[rcgog _p[jinl[hmjcl[ncih q[m l_]il^_^ ch nb_ nbcl^ 

gihnb (M[s), g_[molcha 174.8 gg, qbc]b _r]__^_^ nb_ 

_p[jinl[hmjcl[ncih g_[mol_^ \s nb_ FAO P-M g_nbi^ (171.8 

gg) \s 3 gg. Ih nb_ `clmn m_[mih, nb_ NDVI g_nbi^ 

ip_l_mncg[n_^ nb_ P-M g_nbi^ ch nb_ `clmn [h^ nbcl^ gihnbm 

(M[l]b [h^ M[s) [h^ oh^_l_mncg[n_^ cn ch nb_ m_]ih^ [h^ 

`iolnb gihnbm (Ajlcf [h^ Joh_). Ih nb_ m_]ih^ m_[mih i` nb_ 

]lij, nb_ NDVI g_nbi^ oh^_l_mncg[n_^ nb_ P_hg[h-

Mihn_cnb g_nbi^ ch nb_ `clmn 3 gihnbm (Aoaomn, S_jn_g\_l 

[h^ O]ni\_l) [h^ ip_l_mncg[n_^ cn ch nb_ f[mn gihnb 

(Nip_g\_l). Dolcha nb_ T[mm_fcha [h^ Scfecha mn[a_ i` nb_ 

g[ct_ ]lij, nb_ g[rcgog _p[jinl[hmjcl[ncih q[m i\m_lp_^ 

qcnb p[fo_m i` 132.1 gg [h^ 145.8 gg omcha nb_ NDVI [h^ 

P_hg[h-Mihn_cnb g_nbi^m l_mj_]ncp_fs. Tb_ nin[f m_[mih[f 

ET _mncg[n_^ \s nb_ NDVI g_nbi^ q_l_ [jjlircg[n_fs 468.1 

gg ch m_[mih I [h^ 348.8 gg ch m_[mih II l_mj_]ncp_fs. Ih 

]igj[lcmih, omcha nb_ P_hg[h-Mihn_cnb g_nbi^, nb_ 

g[rcgog _p[jinl[hmjcl[ncih q[m 476 gg [h^ 380.2 gg ch 

nb_ `clmn m_]ih^ m_[mih l_mj_]ncp_fs. Tb_ mn[ncmnc][f 

]igj[lcmih \_nq__h nb_ NDVI g_nbi^ [h^ nb_ FAO P_hg[h

-Mihn_cnb g_nbi^ ch^c][n_m nb[n nb_ NDVI g_nbi^ _rbc\cnm 

bcab_l []]ol[]s. In []bc_p_^ [h R2 i` 0.87, [h RMSE i` 12.44 

gg/gihnb, [ j_l]_hn[a_ _llil i` 4.8 % [h^ [ g_[h \c[m 

_llil i` 5.5 ^olcha nb_ `clmn m_[mih. Ih nb_ m_]ih^ m_[mih, nb_ 

NDVI g_nbi^ i\n[ch_^ [h R2 p[fo_ i` 0.89, [h RMSE i` 15.5 

gg/gihnb, [ j_l]_hn[a_ _llil i` 9.00 % [h^ [ g_[h \c[m 

_llil i` 7.85. Tbcm j[nn_lh ch nb_ ]i_``c]c_hn i` ^_n_lgch[ncih 

b[m \__h ]ihmcmn_hnfs hin_^ ch l_m_[l]b ]ih^o]n_^ \s inb_l 

chp_mnca[nilm (45). In'm cgjiln[hn ni l_]iahct_ nb[n 

ch]ihmcmn_hn il ohl_fc[\f_ NDVI p[fo_m ][h f_[^ ni 

ch[]]ol[]c_m ch _mncg[ncha ]lij _p[jinl[hmjcl[ncih (46). 

Scgcf[l g_nbi^m i` _p[jinl[hmjcl[ncih _mncg[ncih b[p_ \__h 

l_jiln_^ \s inb_l l_m_[l]b_lm. Tb_s ]igjon_^ 

_p[jinl[hmjcl[ncih omcha nb_ [f`[f`[-l_`_l_h]_ ]lij 

]i_``c]c_hn [h^ NDVI p[fo_m. Tb_ bcab_mn R2 p[fo_ mcahc`c_m nb_ 

bcab_mn []]ol[]s ch _p[jinl[hmjcl[ncih _mncg[ncih. Tbcm 

moaa_mnm nb[n K] p[fo_m ^_lcp_^ `lig p_a_n[ncih ch^c]_m ][h 

\_ ^_j_h^[\f_ j[l[g_n_lm `il ][f]of[ncha []no[f ]lij 

_p[jinl[hmjcl[ncih (47-49). Tb_ K] p[fo_m ^_lcp_^ `lig 

p_a_n[ncih l_`f_]n[h]_ ^_]l_[m_ qcnb micf q[n_l ]ihn_hn. 

Scgcf[l ]ih]fomcihm q_l_ l_[]b_^ \s inb_l l_m_[l]b_lm, qbi 

hin_^ nb[n fiq_l gicmnol_ ]ihn_hn l_mofn_^ ch l_^o]_^ e] 

p[fo_m (45, 50). Ih nb_ g[ct_ ]lij, nb_ gchcgog ]lij 

_p[jinl[hmjcl[ncih i` 3 gg/^[s q[m i\m_lp_^ ^olcha nb_ 

chcnc[f mn[a_, qbcf_ nb_ g[rcgog i` ]lij _p[jinl[hmjcl[ncih 

7.8 gg/^[s i]]oll_^ ^olcha nb_ gc^-m_[mih mn[a_. Tbcm 

p[lc[ncih cm [nnlc\on_^ ni nb_ ]lij'm fiq_l q[n_l l_kocl_g_hn 

ch nb_ chcnc[f mn[a_ [h^ ch]l_[m_^ q[n_l ^_g[h^ ^olcha gc^-

m_[mih aliqnb. Tb_ ET] l_mofnm i\n[ch_^ ch nbcm mno^s [fcah 

qcnb `ch^cham `lig inb_l l_m_[l]b mno^c_m mo]b [m nb[n [fmi 

oncfct_^ K] p[fo_m i\n[ch_^ nblioab l_gin_ m_hmcha-\[m_^ 

p_a_n[ncih ch^c]_m ni ]l_[n_ ET] g[jm (51-53). Onb_l 

l_m_[l]b_lm b[p_ jlijim_^ nb[n e] p[fo_m i\n[ch_^ `lig 

][hijs l_`f_]n[h]_-\[m_^ p_a_n[ncih ch^c]_m ][h []]ol[n_fs 

_mncg[n_ ]lij _p[jinl[hmjcl[ncih [n \inb l_acih[f [h^ `c_f^ 

m][f_m (54). Tbcm [jjli[]b ^_gihmnl[n_m nb_ oncfcns i` RS 

n_]bhcko_m cm jlipc^cha ^_n[cf_^, mn[a_ mj_]c`c] ET] 

_mncg[n_m, qbc]b [l_ ]lo]c[f `il jl_]cm_ cllca[ncih 

g[h[a_g_hn [h^ q[n_l l_miol]_ jf[hhcha ch Aalc]ofnol_. 

 Tbcm i\m_lp[ncih q[m ]ihmcmn_hn qcnb `ch^cham `lig 
inb_l mno^c_m, qbc]b ^_gihmnl[n_^ nb_ gchcgog [h^ 

g[rcgog ET] p[fo_m nblioabion ^c``_l_hn ]lij aliqnb 

jb[m_m, hincha nb[n nb_ bcab_mn _p[jinl[hmjcl[ncih l[n_m 

a_h_l[ffs i]]ol ^olcha nb_ gc^-m_[mih aliqnb mn[a_, qbcf_ 

nb_ fiq_mn l[n_m [l_ m__h ^olcha nb_ _[lfs aliqnb mn[a_ (55, 

56). Dolcha nb_ _[lfs ni gc^-^_p_fijg_hn jb[m_m, ET] p[fo_m 

q_l_ fiq_l, ch^c][ncha nb[n `[lg_lm ][h cgjf_g_hn q[n_l-

m[pcha g_[mol_m ^olcha nb_m_ ncg_m. Tbcm q[m \_][om_ nb_ 

]lij'm q[n_l l_kocl_g_hnm [l_ l_f[ncp_fs mg[ff_l, _mj_]c[ffs 

qb_h nb_ ]lij ][hijs b[m hin s_n `offs ^_p_fij_^. Scgcf[l 

l_mofnm q_l_ `ioh^ qb_h _mncg[ncha [p_l[a_ ]lij 

_p[jinl[hmjcl[ncih p[fo_m ch qb_[n ]lijm (51). NDVI p[lc_m \s 

]lij [n _[]b jcr_f, qbcf_ K] l_jl_m_hnm nb_ ]ih^cncihm i` 

mj_]c`c] ]lij aliqnb ch nb_ `c_f^. Tb_ ]i_``c]c_hnm i` 

^_n_lgch[ncih (R²) `il [ff ]lijm cffomnl[n_ nb_ li\omnh_mm i` 

nb_ gi^_fm ^_p_fij_^. NDVI m_lp_m [m [h ch^c][nil i` b_[fnbs 

[h^ ^_hm_ p_a_n[ncih ]ip_l [h^ jf[hn pcail. In g_[mol_m 

mol`[]_ l_`f_]n[h]_ [h^ i``_lm [ ko[hncn[ncp_ _mncg[ncih i` 

p_a_n[ncih aliqnb [h^ \cig[mm (57). Tbcm ch^c][n_m nb[n NDVI 

][jnol_m [ mcahc`c][hn jilncih i` nb_ p[lc[ncih m__h ch ]lij 

]i_``c]c_hnm oh^_l ]ih^cncihm qb_l_ nb_l_ cm hi q[n_l mnl_mm. 

Tb_ `ch^cham ^_gihmnl[n_ [ mnliha jimcncp_ ]ill_f[ncih 

\_nq__h ET] (]lij _p[jinl[hmjcl[ncih) [h^ NDVI, cgjfscha 

nb[n al_[n_l ]lij ][hijs il \cig[mm jli^o]ncih l_mofnm ch 

bcab_l _p[jinl[hmjcl[ncih l[n_m. Tbcm moaa_mnm nb[n NDVI ][h 

_``_]ncp_fs jl_^c]n al__h p_a_n[ncih [n _[]b mn[a_ i` ]lij 

^_p_fijg_hn nblioabion nb_ _hncl_ aliqnb ]s]f_. Tb_l_`il_, 

NDVI m_lp_m [m [ ^_j_h^[\f_ ch^c][nil i` ]lij ][hijs, 

\cig[mm [h^ ]lij _p[jinl[hmjcl[ncih ch g[ct_. 

Fca. 4. NDVI ]olp_m [h^ NDVI K] `il S_[mih I [h^ II ch g[ct_. 
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 Tb_ mno^s'm `ch^cham ch^c][n_ [ hin[\f_ fia[lcnbgc] 

jimcncp_ ]ill_f[ncih \_nq__h ]lij _p[jinl[hmjcl[ncih, 

_mncg[n_^ pc[ nb_ P_hg[h-Mihn_cnb g_nbi^ [h^ NDVI 

p[fo_m ^_lcp_^ `lig m[n_ffcn_ cg[a_ls. Tbcm cgjfc_m nb[n NDVI 

^[n[ ][h _ff_]ncp_fs [mm_mm ]lij b_[fnb qb_h q[n_l 

[p[cf[\cfcns cm moffc]c_hn. Oh_ [^p[hn[a_ i` _mn[\fcmbcha nb_ 

NDVI-ET] l_f[ncihmbcj cm nb_ _fcgch[ncih i` nb_ h__^ ni 

ch^cpc^o[ffs c^_hnc`s _[]b ]lij [h^ ^_n_lgch_ cnm []l_[a_. 

Tbcm [jjli[]b f_p_l[a_m m[n_ffcn_ cg[a_ls ni jlipc^_ [ 

\li[^_l oh^_lmn[h^cha i` ]lij _p[jinl[hmjcl[ncih []limm 

f[la_ [l_[m qcnbion nb_ h__^ `il alioh^-\[m_^ ]lij-mj_]c`c] 

ch`ilg[ncih. Ihmn_[^, cn h_]_mmcn[n_m [ \li[^ oh^_lmn[h^cha 

i` nb_ jl_^igch[hn ]lijm, nb_cl []l_[a_ [h^ nb_cl aliqnb 

mn[a_m ^olcha ^[n[ ]iff_]ncih, [fihamc^_ ]lij ]i_ffc]c_hnm 

mj_]c`c] ni nb_ l_acih. Ih ]ih]fomcih, ]lij ]i_ffc]c_hnm (K]) 

^_lcp_^ `lig NDVI [l_ p[fo[\f_ `il n[mem mo]b [m m]b_^ofcha 

i` cllca[ncih, _p[fo[ncha nb_ _ffc]c_h]s i` cllca[ncih, 

g[h[acha q[n_l l_miol]_m [h^ _mncg[ncha nb_ q[n_l om_ 

_ffc]c_h]s. Tbcm [jjli[]b [ffiqm `il _ffc]c_hn q[n_l 

g[h[a_g_hn jl[]nc]_m \[m_^ ih m[n_ffcn_-^_lcp_^ ^[n[, 

_hb[h]cha [alc]ofnol[f momn[ch[\cfcns [h^ jli^o]ncpcns. 

Comparison of Pan Evaporation method with FAO Penman

-Monteith Method 

Clij _p[jinl[hmjcl[ncih omcha nb_ ij_h j[h _p[jil[ncih 

g_nbi^ q[m ]igjon_^ \s [^ijncha nb_ ]lij ]i_ffc]c_hn 

mj_]c`c_^ \s FAO `il g[ct_. So\m_ko_hnfs, ET] q[m 

_p[fo[n_^ [a[chmn nb_ FAO P_hg[h-Mihn_cnb g_nbi^ ni 

[mm_mm nb_ j[h _p[jil[ncih g_nbi^'m []]ol[]s ]igj[l_^ 

ni FAO P-M. Dolcha nb_ `clmn m_[mih i` nb_ ]lij, nb_ P[h 

_p[jil[ncih g_nbi^ ip_l_mncg[n_m _p[jinl[hmjcl[ncih ch 

M[l]b [h^ oh^_l_mncg[n_m cn ch [ff mo\m_ko_hn gihnbm. Ih 

nb_ m_[mih II i` nb_ ]lij, nb_ j[h _p[jil[ncih g_nbi^ 

ip_l_mncg[n_m nb_ FAO P_hg[h-Mihn_cnb (P-M) g_nbi^ ch 

nb_ nbcl^ gihnb (O]ni\_l), qbc]b ]ich]c^cha ni nb_ gc^-

m_[mih mn[a_ qb_h nb_ g[rcgog ET (150.7 gg) q[m 

l_]il^_^. Hiq_p_l, `il nb_ l_g[chcha gihnbm (Aoaomn, 

S_jn_g\_l [h^ Nip_g\_l), nb_ j[h g_nbi^ 

oh^_l_mncg[n_m nb_ P-M g_nbi^. A]]il^cha ni nb_ 

mn[ncmnc][f [h[fsmcm ]igj[lcha nb_m_ 2 g_nbi^m, ch nb_ `clmn 

m_[mih i` nb_ g[ct_ ]lij, nb_ ]i_ffc]c_hn i` ^_n_lgch[ncih 

(R²) i\n[ch_^ q[m 0.57,ch^c][ncha [ gi^_l[n_ ]ill_f[ncih. 

Tb_ liin g_[h mko[l_ _llil (RMSE) q[m 39.11 gg/gihnb, 

moaa_mncha mcahc`c][hn ip_l[ff _llil. Tb_ j_l]_hn[a_ _llil 

q[m 24.24 %,ch^c][ncha [ ]ihmc^_l[\f_ ^_pc[ncih `lig nb_ 

P-M g_nbi^, [h^ nb_ g_[h \c[m _llil (MBE) q[m 

23.2,bcabfcabncha [ msmn_g[nc] ^cm]l_j[h]s. M_[hqbcf_ ch 

nb_ m_]ih^ m_[mih i` nb_ ]lij. M_[hqbcf_, [n nb_ m_]ih^ 

m_[mih i` nb_ ]lij nb_ R2 q[m 0.61,RMSE 34.25 gg/

gihnb, j_l]_hn[a_ i` _llil 32.7 % [h^ nb_ g_[h \c[m _llil 

q[m 23.42.Tb_ ]lij _p[jinl[hmjcl[ncih i\n[ch_^ \s nb_ 

g[ct_ ]lij ^olcha nb_ _hncl_ m_[mih (m_[mih I) q[m 383.1 

gg [h^ 476 gg \s nb_ j[h _p[jil[ncih [h^ P-M g_nbi^ 

l_mj_]ncp_fs. Wcnb l_mj_]n ni nb_ m_]ih^ m_[mih i` nb_ ]lij 

nb_ ]lij _p[jinl[hmjcl[ncih q[m 286.5 gg (j[h 

_p[jil[ncih g_nbi^) [h^ 380.2 (P-M g_nbi^). Tb_ mno^s 

ch^c][n_m nb[n nb_ []]ol[]s i` ]lij _p[jinl[hmjcl[ncih 

_mncg[ncih q[m hin[\fs fiq_l ch nb_ j[h _p[jil[ncih 

g_nbi^ ]igj[l_^ ni nb_ P_hg[h- Mihn_cnb g_nbi^, ch 

]ihnl[mn ni inb_l ET _mncg[ncih g_nbi^m mo]b [m NDVI [h^ 

Tbilhnbq[cn_. Ih [ mcgcf[l chp_mnca[ncih, cn q[m hin_^ nb[n 

nb_ Cf[mm A j[h mbiq_^ [ q_[e ]ill_f[ncih qcnb nb_ FAO P-

M g_nbi^, qcnb [h R p[fo_ i` 0.37.Tbcm q_[e ]ill_f[ncih 

gcabn \_ ^o_ ni nb_ Cf[mm A j[h f[]echa [ mollioh^cha lcha 

[n nb_ [ali-g_n_ilifiac][f mn[ncih qb_l_ nb_ mno^s niie 

jf[]_, jin_hnc[ffs ][omcha nb_ j[h ni ncfn qb_h `cff_^ qcnb 

q[n_l. Fliam [h^ \cl^m q_l_ i]][mcih[ffs m__h [lioh^ nb_ 

j[h, ch^c][ncha nb[n nb_m_ [hcg[fm fce_fs ]ihmog_^ nb_ 

q[n_l. Tbcm []ncpcns ]iof^ b[p_ f_^ ni [ ^_]l_[m_ ch nb_ 

q[n_l f_p_f, nb_l_\s jin_hnc[ffs [ff_]ncha nb_ ETi 

_mncg[ncih p[fo_m i` nb_ j[h (58).Tb_ []]ol[]s i` 

_p[jinl[hmjcl[ncih _mncg[ncih omcha nb_ ij_h j[h 

_p[jilcg_n_l q[m l_f[ncp_fs fiq_l ]igj[l_^ ni nb_ FAO P-

M g_nbi^ (59).Tb_ P_hg[h-Mihn_cnb g_nbi^ g[s b[p_ 

oh^_l_mncg[n_^ _p[jinl[hmjcl[ncih ^o_ ni mo\mn[hnc[f 

[^p_]ncp_ _h_las nl[hm`_l `lig [l_[m qb_l_ m_hmc\f_ b_[n 

q[m jli^o]_^. P[mn l_m_[l]b b[m ^_gihmnl[n_^ nb[n 

m_hmc\f_ b_[n [^p_]ncih ][h g[le_^fs [oag_hn 

_p[jinl[hmjcl[ncih (60). S_p_l[f mno^c_m b[p_ bcabfcabn_^ 

nb[n ch ]_ln[ch cllca[n_^ l_acihm, q_ff-q[n_l_^ ]lijm ][h 

nl[hmjcl_ gil_ q[n_l [h^ ]ihmog_ gil_ _h_las nb[h 

qb[n cm _p[jil[n_^ `lig `l__-q[n_l mol`[]_m. Afnbioab 

_p[jil[ncih `lig [ j[h cm ch`fo_h]_^ \s nb_ m[g_ ]fcg[nc] 

`[]nilm [m ]lij nl[hmjcl[ncih, nb_l_ [l_ hin[\f_ ^cff_l_h]_m 

\_nq__h q[n_l fimm `lig [h ij_h q[n_l mol`[]_ [h^ `lig [ 

p_a_n[n_^ mol`[]_. Tb_ l_`f_]ncih i` mif[l l[^c[ncih `lig 

q[n_l ch [ mb[ffiq j[h g[s ^cff_l `lig nb_ mn[h^[l^ 

[mmogjncih i` 23 % `il [ al[mm l_`_l_h]_ mol`[]_. H_[n 

mnil[a_ qcnbch nb_ j[h ][h \_ ]ihmc^_l[\f_, jin_hnc[ffs 

][omcha hin[\f_ hcabnncg_ _p[jil[ncih, qb_l_[m ]lijm 

jl_^igch[hnfs nl[hmjcl_ ^olcha ^[sfcabn biolm. Mil_ip_l, 

nb_l_ [l_ p[lc[ncihm ch nb_ n_gj_l[nol_, nol\of_h]_ [h^ 

bogc^cns i` nb_ [cl cgg_^c[n_fs [\ip_ _[]b mol`[]_ nsj_. 

H_[n nl[hm`_l nblioab nb_ mc^_m i` nb_ j[h [fmi ch`fo_h]_m 

nb_ ip_l[ff _h_las \[f[h]_. Ep[jinl[hmjcl[ncih q[m 

hin[\fs bcab_l [h^ gil_ chn_hm_ nb[h nb_ h_n l[^c[ncih 

p[fo_. Tb_ P_hg[h - Mihn_cnb g_nbi^ ^_gihmnl[n_m 

moj_lcil jl_^c]ncp_ ][j[\cfcns ]igj[l_^ ni _p[jil[ncih-

\[m_^ g_nbi^m (61).Tb_m_ `ch^cham [l_ ]ihmcmn_hn qcnb 

nbim_ i` jl_pciom l_m_[l]b (62). Folnb_lgil_, 

[ mno^s `ioh^ nb[n _p[jinl[hmjcl[ncih _mncg[ncih omcha 

nb_ j[h _p[jil[ncih g_nbi^ _rbc\cnm nb_ bcab_mn 

j_l]_hn[a_ i` _llil qb_h ]igj[l_^ qcnb nb_ FAO P-M 

g_nbi^ (63). 

 

Cih]fomcih   

Tb_ ]oll_hn l_m_[l]b [mm_mm_^ nb_ _ff_]ncp_h_mm i` p[lciom 
_p[jinl[hmjcl[ncih [jjli[]b_m (Tbilhnbq[cn_, NDVI-

\[m_^ [h^ j[h _p[jil[ncih g_nbi^) ]igj[l_^ ni nb_ 

mn[h^[l^ FAO P_hg[h - Mihn_cnb g_nbi^ `il g[ct_ ^olcha 

2 m_[mihm `lig 2022-2023. Sn[ncmnc][f [h[fsmcm l_p_[f_^ 

nb[n nb_ NDVI-\[m_^ ET _mncg[ncih g_nbi^ _rbc\cn_^ nb_ 

f_[mn _llil ]igj[l_^ ni nb_ P_hg[h-Mihn_cnb g_nbi^, 

qbcf_ nb_ bcab_mn _llil q[m i\m_lp_^ ch ET _mncg[ncih 

omcha nb_ j[h _p[jil[ncih g_nbi^. Tb_ mno^s l_jiln_^ nb_ 

bcab_mn ]i_ffc]c_hn i` ^_n_lgch[ncih (R2) [h^ nb_ fiq_mn 

liin g_[h mko[l_ _llil, j_l]_hn[a_ _llil [h^ g_[h \c[m 

_llil `il nb_ NDVI-\[m_^ g_nbi^ [giha nb_ _p[fo[n_^ 

[jjli[]b_m. R_gin_ m_hmcha-\[m_^ _p[jinl[hmjcl[ncih 

jl_m_hnm [ li\omn [jjli[]b `il l[jc^ bs^lifiac][f 
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gihcnilcha, [alc]ofnol[f g[h[a_g_hn [h^ ]fcg[n_ ]b[ha_ 

l_m_[l]b. ET] q[m ]igjon_^ \s gofncjfscha l_`_l_h]_ 

_p[jinl[hmjcl[ncih qcnb nb_ ]lij ]i_ffc]c_hn 

]ill_mjih^cha ni ]lij ^_p_fijg_hn mn[a_m [fcah_^ qcnb 

m[n_ffcn_ ^[n[ ^[n_m. Tb_ mno^s oh_kocpi][ffs 

^_gihmnl[n_m nb[n NDVI m_lp_m [m [ ^_j_h^[\f_ jl_^c]nil 

i` g[ct_ ]lij q[n_l om[a_ [h^ _p[jinl[hmjcl[ncih. 

Tb_l_`il_, l_gin_fs m_hm_^ NDVI ][h _ff_]ncp_fs gihcnil 

g[ct_ ]lij q[n_l oncfct[ncih ch [l_[m qb_l_ ih-mcn_ 

g_[mol_g_hnm [l_ cgjl[]nc][f. Emncg[ncha 

_p[jinl[hmjcl[ncih omcha p_a_n[ncih ch^c]_m jlipc^_m 

l_fc[\f_ chmcabnm `il [alc]ofnol[f ]lijm ch [lc^ l_acihm, 

jin_hnc[ffs jf[scha [ jcpin[f lif_ ch aoc^cha f[h^ [h^ q[n_l 

g[h[a_g_hn qb_l_ ih-mcn_ ^[n[ cm f[]echa. Tb_ 

]igj[l[ncp_ [mm_mmg_hn i` nb_m_ `iol ET _mncg[ncih 

n_]bhcko_m jl_m_hn_^ ch nbcm mno^s cm mcn_-mj_]c`c], [h^ 

l_mofnm g[s p[ls ch ^cff_l_hn fi][ncihm. N_p_lnb_f_mm, mo]b 

l_m_[l]b [c^m ^_]cmcih-g[e_lm ch m_f_]ncha nb_ gimn 

mocn[\f_ ET _mncg[ncih g_nbi^ \[m_^ ih `[]nilm fce_ ^[n[ 

[p[cf[\cfcns, ]imn ]ihmnl[chnm il []]ol[]s l_kocl_g_hnm. 

Cih^o]ncha mcgcf[l mno^c_m ih [ f[la_l m][f_ []limm p[lciom 

[ali-]fcg[nc] tih_m qcff ]ihnlc\on_ ni ^_p_fijcha 

mn[h^[l^ct_^ aoc^_fch_m `il ]biimcha nb_ ijncg[f ET 

_mncg[ncih n_]bhcko_, n[echa chni []]iohn [p[cf[\f_ ^[n[ 

[h^ `ch[h]c[f l_miol]_m. 

 

A]ehiqf_^a_g_hnm 

W_ qiof^ fce_ ni _rjl_mm al[ncno^_ ni nb_ C_hnl_ `il W[n_l 
[h^ G_imj[nc[f Sno^c_m (CWGS) `il `oh^cha nbcm l_m_[l]b 

jlid_]n nblioab nb_ "Mi\cn_]b" m]b_g_ [h^ D_j[lng_hn 

i` Aalihigs. Sj_]c[f nb[hem [l_ _rn_h^_^ ni nb_ Cb[clg[h 

- Dcl_]nil (CWGS) [h^ [^pcmils g_g\_lm `il nb_cl p[fo[\f_ 

`__^\[]e [h^ ]ihmnlo]ncp_ moaa_mncihm ih nb_ g[hom]lcjn. 

 

Aonbilm’ ]ihnlc\oncihm  

MRK: ]ih]_jno[fct[ncih, ^[n[ ]ol[ncih, qlcncha - ilcach[f 

^l[ft. SP: ]ih]_jno[fct[ncih, moj_lpcmcih, `oh^cha 

[]kocmcncih, qlcncha - l_pc_q [h^ _^cncha.  MR: qlcncha - 

ilcach[f ^l[ft, g_nbi^ifias, p[fc^[ncih. RK: miftq[l_, 

`ilg[f [h[fsmcm. VR: l_miol]_m, pcmo[fct[ncih. AS: 

g_nbi^ifias, qlcncha - l_pc_q [h^ _^cncha. 

 

Cigjfc[h]_ qcnb _nbc][f mn[h^[l^m 

Cih`fc]n i` chn_l_mn: Oh \_b[f` i` [ff [onbilm, nb_ 

]ill_mjih^cha [onbil mn[n_m nb[n nb_l_ cm hi ]ih`fc]n i` 

chn_l_mn.  
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