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A\str[]t   

Miljbi-jbsmcifiac][f ]b[l[]n_lcmnc]m i` f_[p_m [l_ mcahc`c][hnfs [mmi]c[n_^ 

qcnb jbinimshnb_nc] ][j[]cns [h^ f_[` aliqnb. Tbcm mno^s q[m ^_mcah_^ ni 

_p[fo[n_ nb_ l_f[ncihmbcj \_nq__h f_[` `oh]ncih[f nl[cnm, honlc_hnm, [h^ nb_cl 

[]ncp_ ]igjioh^m throughout the developmental stages of kratom leaves. 

Fcp_ aliqnb mn[a_m q_l_ c^_hnc`c_^: S1 (7-15 days), S2 (15-30 days), S3 (30-45 

^[sm), S4 (45-60 days), and S5 (60-75 days). A ]igj[lcmih i` f_[`-alioj 

mn[a_m q[m ]ih^o]n_^ \[m_^ ih giljbi-jbsmcifiac][f nl[cnm, g[]lihonlc_hn 

]ihn_hn, jbsni]b_gc][f [h[fsmcm, [h^ [hncirc^[hn []ncpcns. Tb_ l_mofnm 

l_p_[f_^ nb[n f_[` q_cabn [h^ f_[` [l_[ ch]l_[m_^ `lig S1 ni S5, qcnb [ mfcabn 

^_]l_[m_ i\m_lp_^ ch S5. Snig[n[f ^_hmcns l_g[ch_^ mcgcf[l []limm [ff 

mn[a_m. In contrast, ]bfilijbsff [h^ ][lin_hic^ contentm mbiq_^ [ mn_[^s 

ch]l_[m_ oj ni nb_ S5 mn[a_. Tb_ g[rcgog [mmcgcf[ncih l[n_ (Ag[r) [h^ fcabn-

m[nol[n_^ jbinimshnb_nc] l[n_ (Pg[r) q_l_ []bc_p_^ [n nb_ S2 [h^ S3 mn[a_m. 

M[]lihonlc_hn f_p_fm (N, P, [h^ K) q_l_ bcab_mn ch nb_ sioha_l f_[`-alioj 

mn[a_m (S1 ni S2) [h^ mcahc`c][hnfs ^cff_l_hn `lig nb_ if^_l f_[`-alioj mn[a_m 

(S4 ni S5). Tb_ bcab_mn [giohn i` jb_hifc]m, `f[pihic^m, [h^ [hncirc^[hn 

[]ncpcns q_l_ `ioh^ ch nb_ gc^^f_ f_[`-alioj mn[a_ (S3). Hiq_p_l, 

[hnbi]s[hch ]ihn_hn n_h^_^ ni ^_]l_[m_ qcnb f_[`-alioj mn[a_m. Mil_ip_l, 

nb_ gcnl[ashch_ ]ihn_hn ]ihnchoiomfs ^_]l_[m_^ qcnb f_[` [a_, qcnb nb_ 

bcab_mn ]ihn_hn `ioh^ ch nb_ sioha (S1 ni S2) [h^ gc^^f_ (S3) alioj mn[a_m 

i` f_[p_m. Tb_l_`il_, nb_ jli^o]ncp_ jbsni]b_gc][f ]ihn_hnm ch nb_ `offs 

_rj[h^_^ f_[p_m mbiof^ \_ ]ihmc^_l_^, _mj_]c[ffs gcnl[ashch_ ]ihn_hn, 

qbc]b cm g[chfs om_^ ch g_^c]ch[f jli^o]nm. 

 

K_ywir^s   

f_[` ^_p_fijg_hn; f_[` honlc_hnm; f_[` nl[cnm; medicinal plant; jbinimshnb_nc] 

][j[]cns  

 

Ihtri^u]tcih   

Kl[nig (Mitragyna speciosa (Kilnb.) H[pcf.), [h ch^ca_hiom nlijc][f jf[hn i` 

Sionb_[mn Amc[ ]iohnlc_m, cm ]iggihfs om_^ [m nl[^cncih[f g_^c]ch_ (1, 2). 

Sig_ j_ijf_ \_fc_p_ nb[n el[nig f_[p_m ][h _hb[h]_ nb_cl qile[\cfcns [h^ 

jli^o]ncpcns (1). In cm moaa_mn_^ nb[n nb_ f_[p_m b[p_ bcab jin_hnc[f [m [ 

p[fo[\f_ miol]_ i` [h[fa_mc] g_^c][ncihm ^o_ ni nb_cl j[ch-l_fc_pcha 

jlij_lnc_m (3). B_][om_ i` nb_m_ g_^c]ch[f jlij_lnc_m, nb_ ^_g[h^ `il 

el[nig f_[p_m ch b_l\[f g_^c]ch_ cm l[jc^fs ch]l_[mcha (4). 

 Tb_l_ [l_ [lioh^ 57 []ncp_ ]igjioh^m `ioh^ ch el[nig f_[p_m, i` 

qbc]b 40 [l_ [fe[fic^m. Tb_ ^igch[hn [fe[fic^m [l_ gcnl[ashch_, qbc]b 

g[e_m oj 66% i` nb_ nin[f, [h^ 7-bs^lirsgcnl[ashch_, []]iohncha `il 2% 
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(5). Mcnl[ashch_ cm nb_ jlcg[ls []ncp_ [fe[fic^, ]ihnlc\oncha 

ni nb_ mcahc`c][hn g_^c]ch[f \_h_`cnm i` nb_ el[nig f_[`, 

mo]b [m mncgof[ncha qile[\cfcns [h^ [h[fa_mc] [h^ l_f[rcha 

_ff_]nm (6). V[lciom mno^c_m b[p_ l_jiln_^ nb[n nb_ [fe[fic^ 

jli`cf_ i` el[nig f_[p_m p[lc_m mcahc`c][hnfs \s ^cff_l_hn 

a_ial[jbc][f fi][ncihm (5, 7). A^^cncih[ffs, [fe[fic^ f_p_fm 

ch nb_ el[nig f_[p_m [l_ ch`fo_h]_^ \s nb_ [ali]fcg[nc] 

_hpclihg_hn [h^ nb_ f_[` aliqnb mn[a_m (8). 

 Tblioab nb_ [fe[fic^ jli`cf_m i` nb_ el[nig f_[p_m, 

nb_ _rjfc]cn ]igjimcncih i` jbsni]b_gc][fm cm ^_n_lgch_^, 

ch]fo^cha `f[pihic^m, jifsjb_hifm, [h^ [hncirc^[hn (9, 10). 

Tb_ f_[p_m i` g_^c]ch[f jf[hnm [l_ _mm_hnc[f `il nb_cl 

aliqnb, `oh]ncih, [h^ molpcp[f. Tb_ fcabn-[\mil\cha 

][j[]cns i` f_[p_m ch`fo_h]_m giljbifiac][f, jbsmcifiac][f, 

[h^ jbsni]b_gc][f nl[cnm (11, 12). Sno^c_m ch Ri\omn[ 

]iff__ (13), al[j_pch_ (14), [h^ mig_ qii^s jf[hnm (15) 

b[p_ mbiqh nb[n nb_ ^_p_fijg_hn i` f_[p_m ^_j_h^m ih 

nb_cl [a_ il aliqnb mn[a_. Tb_m_ `[]nilm jf[s [ ]lo]c[f lif_ 

ch nb_ giljbifiac][f ]ihmnlo]ncih [h^ jbsmcifiac][f 

`oh]ncihm i` el[nig jf[hnm [h^ m_lp_ [m `oh^[g_hn[f 

ch^c][nilm `il jl_]cm_ ]ofncp[ncih, _hmolcha nb_ ko[fcns [h^ 

jli^o]ncih i` el[nig f_[p_m. 

 Tbcm mno^s [cg_^ ni c^_hnc`s nb_ ^_p_fijg_hn[f 
mn[a_m i` el[nig f_[p_m [h^ nb_cl l_f[ncihmbcjm qcnb f_[` 

giljbi-jbsmcifiac][f ]b[l[]n_lcmnc]m [h^ jbsni]b_gc][fm. 

Tb_ ai[f cm ni i\n[ch `l_mb l[q g[n_lc[fm i` el[nig f_[p_m 

]ihn[chcha p[lciom cgjiln[hn mo\mn[h]_m `il `olnb_l 

jli]_mmcha [h^ g_^c][f om_, j[lnc]of[lfs gcnl[ashch_, 

qbc]b cm ]iggihfs om_^ ch g_^c]ch[f jli^o]nm. 

M[t_rc[fs [h^ M_tbi^s 

Exj_rcg_ht[f sct_ [h^ g[t_rc[f 

Tb_ _rj_lcg_hn q[m ]ih^o]n_^ `lig J[ho[ls to December 

2022 [n [ `[lg ch Sc]bih ^cmnlc]n, N[ebih Sc Tb[gg[l[n 

jlipch]_, Tb[cf[h^ (f[ncno^_ 9°2'7.23"N, fihacno^_              

99°50'59.86" E, [h^ [fncno^_ 10 m above sea level). T_h 

el[nig nl__m, [a_^ n_h s_[lm if^ [h^ _rbc\cncha p[lciom 

f_[` ^_p_fijg_hn mn[a_m, q_l_ l[h^igfs m_f_]n_^ `il f_[` 

m[gjf_ ]iff_]ncih. Tb_ m[gjf_ f_[p_m q_l_ ][n_ailct_^ 

chni `cp_ aliqnb mn[a_m \[m_^ ih nb_cl [a_m ch ^[sm: S1        

(7-15 ^[sm), S2 (15-30 ^[sm), S3 (30-45 ^[sm), S4 (45-60 

^[sm), [h^ S5 (60-75 ^[sm) (Fca. 1).  

L_[` [r_[, f_[` w_cabt, [h^ f_[` stig[t[f density 

g_[sur_g_hts 

Tb_ ch^cpc^o[f f_[` [l_[ (LA) q[m g_[mol_^ omcha [ f_[` 
[l_[ g_n_l (LI-3000C, LI-COR, Lch]ifh, NE, USA). Aft_l 

b[lp_mncha, nb_ m[gjf_ f_[p_m q_l_ q_cab_^ ni ^_n_lgch_ 

nb_cl `l_mb q_cabn (FW), `iffiq_^ \s ip_h ^lscha [n 65 °C 

`il 72 biolm ni g_[mol_ nb_ f_[` ^ls q_cabn (DW). Tb_ `l_mb 

[h^ ^ls q_cabnm i` f_[p_m [n _[]b mn[a_ q_l_ l_]il^_^ ni 

_mn[\fcmb nb_cl l_f[ncihmbcjm. Snig[n[f ko[hnc`c][ncih q[m 

]ih^o]n_^ omcha nb_ h[cf jifcmb g_nbi^ (16), qb_l_ h[cf 

jifcmb q[m [jjfc_^ ni nb_ [^[rc[f mol`[]_ i` _[]b m[gjf_ 

f_[` [h^ mo\m_ko_hnfs j__f_^ iff qcnb ]f_[l n[j_. Tb_ 

l_jfc][m q_l_ nb_h ^_n[]b_^, jf[]_^ ih gc]lim]ij_ mfc^_m, 

[h^ _r[gch_^ oh^_l [ ]igjioh^ gc]lim]ij_ (Zeiss CP-

A]blig[n 40r O\d_]ncp_) (C[lf Z_cmm Mc]lim]ijs, USA). Tbcm 

g_nbi^ jlipc^_m ch`ilg[ncih [\ion the density and 

^cmnlc\oncih i` mnig[n[ ih nb_ f_[` mol`[]_. 

Fca. 1. Tb_ m[gjf_ i` aliqnb mn[a_m i` el[nig f_[p_m: S1 (7-15 ^[sm), S2 (15-30 ^[sm), S3 (30-45 ^[sm), S4 (45-60 ^[sm), [h^ S5 (60-75 ^[sm) i` [^[rc[f ([) [h^ 
[\[rc[f (\) f_[` mol`[]_m 
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L_[` ]bfirijbyff [h^ ][rit_hic^s g_[sur_g_hts  

Tb_ jbinimshnb_nc] jcag_hnm, h[g_fs, ]bfilijbsff [ (Cbf[), 

]bfilijbsff \ (Cbf\), and total chlorophyll (Chlnin[f), as well 

[m ][lin_hic^m (C[l), q_l_ _rnl[]n_^ omcha N,N-

^cg_nbsf`ilg[gc^_ (DMF) `iffiqcha [ gi^c`c_^ g_nbi^ i` 

N_nni _n [f. (17). The linear correlations between the 

]ihn_hnm i` jcag_hnm (]bfilijbsff [h^ ][lin_hic^) and 

nb_cl l_mj_]ncp_ ]bfilijbsff g_n_l l_[^cham (Do[f_r, 

DX19007, Fil]_ A, Fl[h]_) were measured and calculated 

omcha nb_ `iffiqcha _ko[ncihm: Cbf[ = 0.5113x - 3.7332(r² = 

0.894), Cbf\ = 0.194x - 1.0394(r² = 0.869), Chlnin[f = 0.7053x - 

4.7726(l² = 0.890), and Car = 0.094x - 0.3657(r² = 0.941). 

L_[` jbitisyhtb_tc] g_[sur_g_hts  

L_[` jbinimshnb_mcm [n p[lciom mn[a_m i` f_[` ^_p_fijg_hn 

q[m analyzed in field trial conditions using a portable 

jbinimshnb_mcm msmn_g (LI-6800, Lc-Cil Ih]., Lch]ifh NE, 

USA). Tb_ ko[hncn[ncp_ l_mjihm_m [mmi]c[n_^ qcnb f_[` 

jbinimshnb_mcm q_l_ i\n[ch_^ `il nb_ fcabn-m[nol[n_^ 

jbinimshnb_nc] l[n_ (Pg[r), dark respiration (R^), light 

]igj_hm[ncih jichn (I]), [h^ light saturation jichn (Im). 

Pbinimshnb_nc] ]olp_m q_l_ ^_n_lgch_^ oh^_l [h [fn_l_^ 

[g\c_hn LED fcabn miol]_ [n chn_lp[fm i` 0 ni 2,000 ggif/

g2/s. The ambient CO2 concentration and leaf chamber 

n_gj_l[nol_ q_l_ ]ihmn[hnfs ]ihnliff_^ [n 400 ggifCO2/

gif [h^ 28°C, l_mj_]ncp_fs. A^^cncih[ffs, CO2 

]ih]_hnl[ncih q[m l_aof[n_^ `lig 0 ni 2,000 ggifCO2/

gif chcnc[ffs.  Mil_ip_l, CO2 compensation (τ) [h^ 

g_mijbsff ]ih^o]n[h]_ (gg) were also determined omcha [ 

]olp_ `cnncha g_nbi^ (14). 

L_[` g[]rihutrc_hts g_[sur_g_hts 

Tb_ leaf samples were collected `lig _[]b treatment and 

^lc_^ [n 65 ºC `il 72 biolm. Tb_ m[gjf_m q_l_ nb_h alioh^ 

[h^ mc_p_^ nblioab 20- [h^ 40-g_mb mc_p_m. Finely ground 

ncmmo_m q_l_ ^ca_mn_^ qcnb H2SO4 to determine the total 

f_[` hcnlia_h ]ihn_hn (N) omcha nb_ Kd_f^[bf g_nbi^. 

A^^cncih[ffs, nb_s q_l_ gcr_^ qcnb HNO3 [h^ HCfO4

(HNO3:HClO4 = 3:1 v/v) for P, K, Ca, and Mg analyses omcha 

mj_]nlig_nls (18). 

Ah[fyscs i` jbyti]b_gc][f ]igjisctcihs [h^ [htcixc^[ht 
[]tcvcty ch er[tig f_[v_s 

Leaf samples preparation 

Tb_ f_[` m[gjf_m `lig _[]b alioj i` mn[a_m (S1 ni S2, S3, 

[h^ S4 ni S5) q_l_ `clmn ^lc_^ [h^ jiq^_l_^. Tb_ m[gjf_ 

jiq^_lm q_l_ nb_h mi[e_^ ch 95% _nb[hif mifp_hn [n [ 

m[gjf_-ni-mifp_hn l[nci i` 1:10. Aft_lq[l^, nb_ mifoncih 

q[m mc_p_^, [h^ nb_ _rnl[]nm [h^ mifp_hn q_l_ m_j[l[n_^ 

omcha [ ]_hnlc`oa_ (Clsmn_, Bo]b_ih-mc, Kil_[) at 4,000 ljg 

`il [jjlircg[n_fs 15 gchon_m. Tb_ m_^cg_hnm were 

_p[jil[n_^ omcha [ lin[ls _p[jil[nil (Bo]bc, Ff[qcf, 

Sqcnt_lf[h^) ch [ water bath (Alpha A12, Lauda, Germany) 

ni l_gip_ nb_ l_g[chcha ethanol. Tb_h, nb_ _rnl[]n_^ 

m[gjf_m q_l_ jf[]_^ chni \innf_m l_mj_]ncp_fs. A 0.025 a 

m[gjf_ q[m n[e_h `lig _[]b \innf_ [h^ gcr_^ qcnb 

_nb[hif ch jl_j[l[ncih `il [h[fsmcm. 

Antioxidant activity  

Ti ^_n_lgch_ nb_ [hncirc^[hn ][j[]cns i` nb_ m[gjf_, nb_ 

F_llc] Iih R_^o]cha Ahncirc^[hn Piq_l (FRAP) [mm[s q[m 

om_^ `il g_[mol_g_hn. In q[m jl_j[l_^ \s gcrcha 300 gM 

mi^cog []_n[n_, 10 gM TPTZ mifoncih, [h^ 20 gM 

F_Cf3.6H2O mifoncih [n [ 10:1:1 l[nci (19). The sample [h^ 

FRAP l_[a_hn q_l_ gcr_^ ch [ l[nci i` 0.1:4.5 gf, [h^ nb_ 

gcrnol_ q[m mb[e_h `il 10 gch ch nb_ ^[le [n liig 

n_gj_l[nol_. Aft_l 30 gchon_m i` ch]o\[ncih [n 37 °C, nb_ 

mifoncih'm [\mil\[h]_ q[m g_[mol_^ [n 593 hg (13). 

Total phenolic content (TPC) and total tannin content 

(TTC) 

Tb_m_ j[l[g_n_lm q_l_ [h[fst_^ omcha nb_ gi^c`c_^ Fifch-

Cci][fn_o g_nbi^ (13, 20). Fil TPC ^_n_lgch[ncih, nb_ 

jb_hifc] mn[h^[l^ q[m gcr_^ with 2 mL of Folin-Ciocalteu 

l_[a_hn [h^ 1.5 gL i` 7.5% N[CO3.Tb_ mifoncih q[m nb_h 

mb[e_h [h^ e_jn ch nb_ ^[le `il 2 biolm. Tb_ m[g_ jli]_mm 

q[m ][llc_^ ion `il TTC, \on qcnb ^cff_l_hn mifp_hn 

pifog_m. Tb_ n[hhch mn[h^[l^ q[m gcr_^ with 1.6 mL of 

Fifch-Cci][fn_o l_[a_hn [h^ 2 gL i` 7.0% N[CO3, nb_h 

[acn[n_^ [h^ jf[]_^ in the dark for 1.5 hours. A standard 

]olp_ q[m ]ihmnlo]n_^ omcha 25 ga i` a[ffc] []c^. Tb_ 

[\mil\[h]_ i` nb_ mifoncih q[m g_[mol_^ [n 751 hg [h^ 

760 hg `il TPC [h^ TTC, l_mj_]ncp_fs, omcha [ 

mj_]nlijbinig_n_l (13). 

Total flavonoid content (TFC) 

Ti [h[fst_ TFC, [h [fogchog ]bfilc^_ ]ifilcg_nlc] [mm[s 

q[m _gjfis_^ (21). Tb_ m[gjf_ mifoncih q[m jl_j[l_^ \s 

]ig\chcha 0.4 gL i` nb_ m[gjf_ qcnb 4 mL of distilled 

q[n_l, 0.3 gL i` 5% N[NO2, and 0.3 mL of 10% AlCl3. Aft_l 

ch]o\[ncha `il 5 gchon_m, nb_ mifoncih q[m f_ft ni mn[h^ `il 

[h [^^cncih[f 6 gchon_m. So\m_ko_hnfs, 2 gL i` 1 gif/L 

N[OH q[m [^^_^, [h^ ^cmncff_^ q[n_l q[m [^^_^ ni [^domn 

nb_ pifog_ ni 10 gL. Aft_l [ffiqcha nb_ mifoncih ni mn[h^ 

`il 15 gchon_m, [\mil\[h]_ q[m g_[mol_^ omcha [ 

mj_]nlijbinig_n_l [n [ q[p_f_hanb i` 510 hg (13). 

Total anthocyanin content 

Ahnbi]s[hch ]ihn_hn q[m ^_n_lgch_^ omcha nb_ 

mj_]nlijbinig_nlc] g_nbi^ (22). All samples were 

g[]_l[n_^ qcnb [ gcrnol_ i` 95% _nb[hif [h^ 1.5 gif HCf/

L ch [h 85:15 l[nci [h^ f_ft ni l_mn `il 12 biolm [n 4 °C. Tb_ 

mifoncih q[m nb_h [^domn_^ ni [ pifog_ i` 100 gf (23). 

Tin[f [hnbi]s[hch ]ihn_hn (ga/a) ch nb_ f_[p_m q[m 

][f]of[n_^ omcha nb_ `iffiqcha `ilgof[: Tin[f [hnbi]s[hch 

= (A530 x dilution factor)/98.2, qb_l_, 98.2 is the molar 

[\miljncih p[fo_ i` ]s[hc^ch-3-afo]imc^_ `il nb_ []c^-

_nb[hif mifp_hn. A\mil\[h]_ l_[^cham [n 530 nm were 

n[e_h omcha [ UV-VIS mj_]nlijbinig_n_l (UV-1900c, 

Sbcg[^to, J[j[h), nb_h ]ihp_ln_^ ni ga/a omcha nb_ 

`ilgof[ (24). 

Mitragynine and alkaloid contents 

E[]b f_[`-alioj mn[a_ (S1 ni S2, S3, [h^ S4 ni S5) i` f_[` 

jiq^_l q[m _rnl[]n_^ qcnb 80% g_nb[hif (CH3OH) [n [ 1:10 

(q/p). Tb_ gcrnol_ q[m pcailiomfs mb[e_h [h^ [ffiq_^ ni 

mn[h^ ip_lhcabn. So\m_ko_hnfs, nb_ mifoncih q[m ]_hnlc`oa_^ 

[n 3,000 ljg `il 15 gchon_m ni m_j[l[n_ nb_ jl_]cjcn[n_ `lig 

nb_ _rnl[]n. Tb_ g_nb[hif q[m _p[jil[n_^ omcha [ lin[ls 

_p[jil[nil oh^_l p[]oog ohncf h_[lfs ]igjf_n_fs 

_p[jil[n_^, l_mofncha ch [ ^ls ]lo^_ [fe[fic^ _rnl[]n. A 

mn[h^[l^ mifoncih i` gcnl[ashch_ ch g_nb[hif q[m jl_j[l_^ 

[]]il^cha ni nb_ el[nig _rnl[]ncih g_nbi^ (25, 26). Hcab-
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P_l`ilg[h]_ fckoc^ ]blig[nial[jbs (HPLC) [n nb_ m]c_hnc`c] 

Ekocjg_hn C_hn_l, Plch]_ i` Sihaef[ Uhcp_lmcns, q[m om_^ ni 

[h[fst_ gcnl[ashch_ ]ih]_hnl[ncihm. Tbcm jli]_^ol_ ch]fo^_^ 

nb_ om_ i` [ jogj \[m_^ [onig[n_^ chd_]ncih msmn_g (W[n_lm 

2695,W[n_lm Ammi]c[n_m, gcf`il^, MA, USA), qcnb jbini^ci^_ 

[ll[s ^_n_]ncih (W[n_lm 996)[n 225hg ni gihcnil nb_ ]ifogh 

_fffo_hn.  

St[tcstc][f [h[fyscs 

D[n[ q_l_ jl_m_hn_^ [m g_[h p[fo_m [fiha qcnb nb_cl 
mn[h^[l^ ^_pc[ncihm. ANOVA [h[fsmcm q[m ]ih^o]n_^ ni 
[mm_mm nb_ p[lc[h]_ ch f_[` giljbi-jbsmcifiac][f, f_[` 
honlc_hnm and phytochemical parameters []limm mn[a_m i` 
el[nig f_[` ^_p_fijg_hn. Doh][h’m Mofncjf_ R[ha_ T_mn 
(DMRT) q[m _gjfis_^ `il ]igj[lcha nb_ ^[n[, qcnb 
mcahc`c][h]_ ]ihmc^_l_^ [n [ j-p[fo_ ≤ 0.05. 

 

R_sufts [h^ Dcs]usscih   

L_[` ariwtb j_r`irg[h]_ [t ^cff_r_ht st[a_s i` er[tig 
f_[v_s 

Tb_ f_[` aliqnb j_l`ilg[h]_ q[m [mm_mm_^ \[m_^ ih `l_mb 
q_cabn, ^ls f_[` q_cabn, [h^ leaf area. Scahc`c][hn 
l_f[ncihmbcjm q_l_ i\m_lp_^ \_nq__h f_[` ^ls q_cabn [h^ 
`l_mb q_cabn i` el[nig f_[p_m []limm p[lciom mn[a_m (Fig. 
2[).Tb_ l_mofnm ch^c][n_^ [ mcahc`c][hn ch`fo_h]_ i` f_[` 
`l_mb q_cabn ih cnm dry weight (s = 0.2784r + 0.0437, 
l2=0.939). A^^cncih[ffs, nb_ f_[` [l_[, measured omcha [ leaf 
[l_[ g_n_l \[m_^ ih qc^nb [h^ f_hanb, _rbc\cn_^ [ fch_[l 
l_f[ncihmbcj (s = 0.7103r + 3.3955, l2=0.987) (Fig.2\). 
Nin[\fs, ^olcha nb_ chcnc[f aliqnb mn[a_m, nb_l_ q[m [ 
mb[ljfs ch]l_[m_ ch f_[` [l_[ (`lig S1 ni S2), `iffiq_^ \s 
mn_[^s griqnb in fully expanded leaves (S3) (Fig. 2c). Tbcm 
moaa_mnm nb[n the fresh mass proportionately increased 
qcnb nb_ ch]l_[m_ ch leaf dry weight ohncf nb_ f_[` [l_[ 
l_[]b_^ cnm g[rcgog mct_ \_`il_ m_h_m]_h]_ ^o_ ni 
ihaicha _rj[hmcih [h^ nl[hmcncih []]_f_l[ncih (27, 28). 
Gcp_h nb_ critical lif_ i` f_[` [l_[ ch jli^o]ncpcns [h^ cnm 
j_[e size before senescence, b[lp_mncha f_[p_m ^olcha 
mn[a_m S2 ni S4 is recommended. 

Cbfirijbyff [h^ ][rit_hic^ ]iht_hts, [h^ stig[t[f 
^_hscty ch ^cff_r_ht stages of kratom leaves 

Dcff_l_h]_m in chlorophyll (Cbf[, Chl\, [h^ Cbfnin[f) [h^ 
][lin_hic^ (C[l) ]ihn_hnm []limm p[lciom mn[a_m (S1 ni S5) 
i` el[nig f_[p_m [l_ ^_jc]n_^ ch Fca. 3[. Nin[\fs, [ff 
]bfilijbsff ]ihn_hnm _rbc\cn_^ [ ]ihmcmn_hn pattern, qcnb 
nb_ fiq_mn f_p_fm i\m_lp_^ ch nb_ sioha_mn leaves (S1), [h^ 
nb_ bcab_mn f_p_fm ch nb_ if^_mn [n mn[a_ S5. Tbcm nl_h^ 
gcllil `ch^cha `lig [ mno^s ih Ri\omn[ coffee plantm (13), 
qbc]b l_jiln_^ [ al[^o[f ch]l_[m_ ch ]bfilijbsff ]ihn_hn ch 
if^_l f_[p_m. Scgcf[lfs, ]b[ha_m ch ][lin_hic^ ]ihn_hnm 
[]limm different stages (S1 to S5) `iffiq_^ [ pattern [ech ni 
]bfilijbsff ]ihn_hn. Pl_pciom l_m_[l]b b[m bcabfcabn_^ [ 
]ill_f[ncih \_nq__h ][lin_hic^ [h^ ]bfilijbsff f_p_fm (29). 
Afnbioab nb_l_ q_l_ hi mcahc`c][hn ^cff_l_h]_ ch mnig[n[f 
^_hmcns [giha nb_ mn[a_m, the old_mn leaves (S5) _rbc\cn_^ 
bcab_l mnig[n[f ^_hmcns ]igj[l_^ ni nb_ jl_]_^cha mn[a_ 
(Fig. 3\). Tbcm ch]l_[m_ ch mnig[n[f ^_hmcns ^olcha f_[` 
m_h_m]_h]_ cm [mmi]c[n_^ with nb_ l_aof[nils mechanism 
i` f_[p_m. Snig[n[f ^_hmcns [^domng_hn cm l_]iahct_^ [m [h 

cgjiln[hn nl[cn `il jf[hn nif_l[h]_ oh^_l _hpclihg_hn[f 
mnl_mm (16).  

Pbyscifiac][f jri]_ss i` er[tig f_[v_s [t ^cff_r_ht st[a_s 

Dcff_l_h]_m ch f_[` aliqnb mn[a_m mcahc`c][hnfs ch`fo_h]_^ CO2 

]ih]_hnl[ncih `il [mmcgcf[ncih l[n_m. Am ^_jc]n_^ ch Fca. 4[, nb_ 

[mmcgcf[ncih l[n_ al[^o[ffs ch]l_[m_^ qcnb lcmcha CO2 

]ih]_hnl[ncih. The peak CO2 ]ih]_hnl[ncih (800-1,200 

µgifCO2/gif) ]ill_mjih^_^ ni [ high assimilation rate (Ag[r) 

l[hacha \_nq__h i` 20-45 µ gifCO2/g2/m []limm [ff f_[` 

aliqnb mn[a_m (S1 ni S5). Tb_ bcab_mn CO2 ]ih]_hnl[ncih q[m 

[mmi]c[n_^ qcnb nb_ Ag[r (14,30).Nin[\fs, [ff aliqnb mn[a_m 

_rbc\cn_^ [ mcgcf[l j[nn_lh i` assimilation rate, with fully 

_rj[h^_^ f_[p_m ^_gihmnl[ncha nb_ bcab_mn p[fo_. 

 Ih ]ihnl[mn, nb_ bcab_mn jbinimshnb_mcm l[n_ (Pg[r) 
p[lc_^ []limm f_[` [a_m, qcnb nb_ j_[e fcabn chn_hmcns 
i\m_lp_^ [lioh^ 1,200 µgif/g2/s (Fig. 4\). Interestingly, 
nb_ mno^s l_p_[f_^ ^cff_l_h]_m ch fcabn ]igj_hm[ncih 
jichnm \_nq__h sioha [h^ g[nol_ el[nig f_[p_m. Tbcm 
`ch^cha [fcahm qcnb i\m_lp[ncihm ch al[j_pch_ f_[p_m, qb_l_ 
mcgcf[l fcabn l_mjihm_m q_l_ i\m_lp_^ []limm [ff mn[a_m i` 
f_[` ^_p_fijg_hn nblioabion nb_ aliqcha m_[mih, 
ch^c][ncha [h ch]l_[m_ ch ][l\ih [mmcgcf[ncih qcnb 
ch]l_[mcha Pbinimshnb_nc] Pbinih Ffor D_hmcns (PPFD) (31, 
32).  

Fca. 2. Tb_ l_f[ncihmbcj \_nq__h `l_mb q_cabn [h^ ^ls q_cabn ([), fch_[l 
l_al_mmcih l_f[ncihmbcjm \_nq__h g_[mol_^ f_[` [l_[ (qc^nb r f_hanb, ]g2) 
[h^ f_[` [l_[ g_n_l (]g2) (\), [h^ ]b[ha_m ch f_[` [l_[ (]g2) ch ^cff_l_h]_ 
mn[a_m (S1-S5) i` el[nig f_[p_m (]) 

https://plantsciencetoday.online


5 

Pf[hn S]c_h]_ Ti^[s, ISSN 2348-1900 (ihfch_) 

 Tb_ j[nn_lh i` fcabn-m[nol[n_^ jbinimshnb_nc] l[n_ 

(Pg[r), dark respiration (R^), light compensation point (I]), 

fcabn m[nol[ncih jichn (Im), CO2 ]igj_hm[ncih jichn (τ), [h^ 

g_mijbsff ]ih^o]n[h]_ (ag) response across different 

mn[a_m i` el[nig f_[p_m (Fca. 5). Pg[r _rbc\cn_^ [ mcgcf[l 

nl_h^ ni R^, I], Im, [h^ ag nblioabion f_[` ^_p_fijg_hn 

mn[a_, qcnb j_[e p[fo_ i\m_lp_^ [n mn[a_m S2 ni S3, 

`iffiq_^ \s [ al[^o[f ^_]fch_ niq[l^m nb_ _h^ i` f_[` 

aliqnb (S5). Tb_ ^cmnch]n j[nn_lh q[m i\m_lp_^ ch τ during 

nb_ _[lfs mn[a_, ]b[l[]n_lct_^ \s [ mb[lj ^_]fch_ `lig nb_ 

ihm_n i` f_[` ^_p_fijg_hn [n mn[a_ S1, l_[]bcha cnm fiq_mn 

p[fo_m [n mn[a_m S2 ni S3. So\m_ko_hnfs, [ al[^o[f ch]l_[m_ 

q[m i\m_lp_^ ohncf mn[a_ S5. Tb_m_ `ch^cham moaa_mn nb[n 

sioha_l el[nig f_[p_m _rbc\cn bcab_l g_n[\ifc] []ncpcns 

]igj[l_^ ni if^_l f_[p_m, fce_fs [nnlc\on[\f_ ni nb_cl 

al_[n_l jbinimshnb_nc] ][j[]cns. Tbcm jb_hig_hih cm 

]ihmcmn_hn qcnb jl_pciom l_m_[l]b ch^c][ncha nb[n 

jbinimshnb_nc] ][j[]cns ch]l_[m_m ^olcha f_[` 

^_p_fijg_hn [h^ ^_]fch_m nb_l_[ft_l, jin_hnc[ffs 

ch`fo_h]_^ \s ]b[ha_m ch g_mijbsff nbc]eh_mm [h^ 

]bfilijf[mn ^cmnlc\oncih []limm nb_ f_[` mol`[]_ (14, 33). 

M[]rihutrc_ht, jbyti]b_gc][f [h^ gctr[ayhch_ ]iht_ht 

i` er[tig f_[v_s [t ^cff_r_ht st[a_s 

Tb_ g[]lihonlc_hn ]ihn_hn i` el[nig f_[p_m [n ^cff_l_hn 
mn[a_m cm jl_m_hn_^ ch Fca. 6[, _h]igj[mmcha N, P, K, C[, 

[h^ Ma, i\m_lp_^ []limm nbl__ f_[` aliqnb mn[a_m (S1 ni 

S2, S3, and S4 ni S5) [m l_jl_m_hn[ncp_ aliojm. Significant 

^cff_l_h]_m q_l_ i\m_lp_^ ch [ff g[]lihonlc_hn ]ihn_hn. 

Hcab_l g[]lihonlc_hn p[fo_m q_l_ _pc^_hn ch nb_ _[lfs f_[` 

mn[a_m (S1), qbcf_ fiq_l ]ihn_hn q[m i\m_lp_^ ^olcha f_[` 

m_h_m]_hm_ (S5), qcnb nb_ _r]_jncih i` C[, qbc]b _rbc\cn_^ 

[ ]ihnl[mncha nl_h^. Tb_ miol]_-mche nl[hmcncih jlial_mm_m 

\[mcj_n[ffs [fiha nb_ f_[`, ]ich]c^cha qcnb ]b[ha_m ch 

jbsmcifiac][f, \ci]b_gc][f, [h^ [h[nigc][f jlij_lnc_m 

(34). Variations in macronutrient content (such as N, P, K, 

[h^ Ma) nblioabion el[nig f_[` ^_p_fijg_hn g[s mn_g 

`lig nb_ gi\cfct[ncih i` nb_m_ honlc_hnm `lig if^_l ni 

sioha_l f_[p_m. Cihp_lm_fs, C[, ehiqh `il cnm l_f[ncp_ 

cggi\cfcns ch nb_ jbfi_g i` gimn jf[hn mj_]c_m (35, 36, 37), 

mbiq_^ [ ^cff_l_hn ^cmnlc\oncih j[nn_lh. Folnb_lgil_, 

honlc_hn ]ihn_hn [h^ jbinimshnb_nc] ][j[]cns ch el[nig 

f_[p_m _rbc\cn_^ [ j[l[ff_f nl_h^ qcnb f_[` [a_, j_[echa 

ojih `off f_[` _rj[hmcih [h^ ^_]fchcha ^olcha f_[` 

m_h_m]_h]_. 

 Tb_ ]ihn_hn i` jb_hifc]m, `f[pihic^m, [h^ 
[hncirc^[hnm _rbc\cn_^ [ ]ihmcmn_hn nl_h^, ]b[l[]n_lct_^ \s 

[h chcnc[f ch]l_[m_ ^olcha nb_ _[lfs f_[` aliqnb mn[a_m (S1 

ni S2, [h^ S3), `iffiq_^ \s [ ^_]fch_ ch nb_ m_h_m]_h]_ 

mn[a_m (S4 ni S5) (Fig. 6b). This pattern mirrors 

jbsmcifiac][f nl[cnm mo]b [m jbinimshnb_mcm, qbc]b jf[sm [ 

]lo]c[f lif_ ch nb_ \cimshnb_mcm i` m_]ih^[ls g_n[\ifcn_m. 

A^^cncih[ffs, [ mcahc`c][hn jimcncp_ ]ill_f[ncih _rcmnm 

\_nq__h nb_ jli^o]ncih i` nin[f jb_hifc]m, `f[pihic^m, [h^ 

[hncirc^[hn []ncpcns [h^ jbinimshnb_nc] `oh]ncihm (38, 39). 

Tb_ n[hhch ]ihn_hn _rbc\cn_^ [ ^cmnch]n j[nn_lh ]igj[l_^ 

ni inb_l jbsni]b_gc][fm, mbiqcha [ n_h^_h]s ni ch]l_[m_ 

oj ni nb_ f_[` m_h_m]_h]_ alioj mn[a_ (S4 ni S5). Tbcm 

`ch^cha ]ihnl[mnm qcnb i\m_lp[ncihm ch Ri\omn[ ]iff__ 

f_[p_m (13) [h^ g[halip_ (40) leaves, qb_l_ tannin 

]ihn_hn q[m higher in young leaves than in old leaves. In 

]ihnl[mn, nb_ [hnbi]s[hch ]ihn_hn mbiq_^ ihfs [ mfcabn 

^_]fch_ [m f_[p_m g[nol_^ `lig mn[a_ S1 ni S5. Tbcm 

moaa_mnm nb[n [hnbi]s[hch jli^o]ncih g[s \_ momn[ch_^ 

_p_h ^olcha m_h_m]_h]_, ohfce_ inb_l ]igjioh^m nb[n [l_ 

nsjc][ffs gil_ mom]_jnc\f_ ni jbinichbc\cncih ch g[nol_ 

f_[p_m (41). So]b `ch^cham oh^_lm]il_ nb_ ^sh[gc] h[nol_ 

i` el[nig'm m_]ih^[ls g_n[\ifcn_ jli`cf_ nblioabion cnm 

f_[` ^_p_fijg_hn. 

Fca. 3. Changes in the contents (a) of chlorophyll (Chlnin[f), chlorophyll a 
(Chl[), chlorophyll b (Chl\) and carotenoid (Car), and stomatal density (b) in 
^cff_l_h]_ mn[a_m (S1-S5) i` el[nig f_[p_m 

Fca. 4. Carbon response curves (Ag[r) in difference CO2 concentration (a), and 
fcabn-m[nol[n_^ jbinimshnb_nc] l_mjihm_ ]olp_m (Pg[r) in difference light 
chn_hmcns (\) ch ^cff_l_hn mn[a_m (S1-S5) i` el[nig f_[p_m 
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Fca. 5. Changes in light-saturated photosynthetic rate (Pg[r) (a) dark respiration (R^) (b), light compensation point (I]) (c), light saturation point (Im) (d), CO2 
]igj_hm[ncih jichn (τ) (_), [h^ g_mijbsff ]ih^o]n[h]_ (ag) (f) in different stages (S1-S5) of kratom leaves 
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Fca. 6. The contents of macronutrients (a) phytochemicals and antioxidant activity (b), and mitragynine (c) in different stages (S1 to S2, S3, and S4 to S5) of 
el[nig f_[p_m 
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 Folnb_lgil_, nb_ gcnl[ashch_ ]ihn_hn i` el[nig 

f_[p_m _rbc\cn_^ [ mcahc`c][hn ^cff_l_h]_ []limm p[lciom f_[` 

mn[a_m (Fca. 6]). Tb_ ]ihn_hn i` gcnl[ashch_ ^_]l_[m_^ 

]ihnchoiomfs qcnb f_[` [a_, qcnb nb_ bcab_mn f_p_fm 

i\m_lp_^ ch sioha f_[p_m [h^ nb_ fiq_mn ch if^_l ih_m. 

Tbcm j[nn_lh mb[l_^ mcgcf[lcnc_m qcnb nb_ ^_p_fijg_hn 

nl_h^ i` hcnlia_h ]ihn_hn ch el[nig f_[` aliqnb mn[a_m. 

Pl_pciom mno^c_m b[p_ bcabfcabn_^ nb_ ch`fo_h]_ i` hcnlia_h 

ih gcnl[ashch_ f_p_fm (42). Hiq_p_l, cn'm qilnb hincha nb[n 

nb_ gcnl[ashch_ ]ihn_hn ch el[nig f_[p_m cm ch`fo_h]_^ \s 

p[lciom `[]nilm, ch]fo^cha a_ial[jbc][f [h^ ]fcg[nc] 

]ih^cncihm, [m q_ff [m f_[` aliqnb ^sh[gc]m (43, 44, 45). 

Tb_l_`il_, nb_ p[lc[ncih ch gcnl[ashch_ ]ihn_hn []limm f_[` 

^_p_fijg_hn mn[a_m oh^_lm]il_m nb_ cgjiln[h]_ i` ncgcha 

i` f_[` b[lp_mncha ni ijncgct_ jli^o]ncih [h^ jin_h]s. 

 H_h]_, nb_ ^cmnch]n aliqnb mn[a_m i` el[nig f_[p_m 

hin[\fs ch`fo_h]_ nb_cl giljbi-jbsmcifiac][f `oh]ncihm, 

ift_h ]ill_f[ncha qcnb p[lc[ncihm ch jbsni]b_gc][f 

]ihn_hnm. D_n_lgchcha nb_ ijncg[f b[lp_mn ncgcha `il 

el[nig f_[p_m mbiof^ \_ aoc^_^ \s nb_ mj_]c`c] []ncp_ 

]igjioh^m ^_mcl_^. 

 

Cih]fuscih   

Tbcm mno^s _r[gch_^ biq f_[` ^_p_fijg_hn ch`fo_h]_m nb_ 

giljbifiac][f [h^ jbsmcifiac][f jlij_lnc_m i` el[nig 

f_[p_m. Tb_ `ch^cham l_p_[f_^ [ ^cmnch]n j[nn_lh: gimn nl[cnm 

ch]l_[m_^ `lig nb_ sioha_mn mn[a_ (S1) ni nb_ `offs 

_rj[h^_^ f_[` mn[a_ (S3), nb_h ^_]fch_^ ^olcha f_[` 

m_h_m]_h]_ (S5), qcnb j_[e p[fo_m i]]ollcha \_nq__h 

mn[a_m S2 [h^ S3. M[]lihonlc_hn ]ihn_hn (N, P, [h^ K) [fmi 

p[lc_^ mcahc`c][hnfs []limm f_[` aliqnb mn[a_m, qcnb sioha 

f_[p_m ]ihmcmn_hnfs ^cmjf[scha bcab_l f_p_fm i` nb_m_ 

honlc_hnm ]igj[l_^ ni if^_l f_[p_m. Nin[\fs, nb_ ]ihn_hn 

i` jb_hifc]m, `f[pihic^m, [h^ [hncirc^[hn []ncpcns `iffiq_^ 

[ ^cff_l_hn j[nn_lh, n_h^cha ni ch]l_[m_ qcnb f_[` [a_ \_`il_ 

^_]l_[mcha ^olcha m_h_m]_h]_. Hiq_p_l, gcnl[ashch_ 

]ihn_hn j_[e_^ ch `offs _rj[h^_^ f_[p_m \_`il_ ^_]fchcha 

ch if^_l f_[p_m. Cihmc^_lcha nb_m_ `ch^cham, ijncg[f 

b[lp_mncha i` el[nig f_[p_m mbiof^ \_ ncg_^ ni g[rcgct_ 

jbsni]b_gc][f [h^ gcnl[ashch_ ]ihn_hn, qcnb f_[p_m 

b[lp_mn_^ ^olcha nb_ `offs _rj[h^_^ mn[a_ (S3) fce_fs ni \_ 

gimn \_h_`c]c[f. 
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