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A Nutrient Survey for Establishment of Standard Recommendation of Soil and Plant Analysis for 

Pummelo 
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Abstract 

 Pummelo (Citrus maxima) is a Thai economic crop, which continuously increase in export quantity. 
Pummelo is a high yield plant, which also consume high amounts of nutrients. Therefore, precise management is 
required for effective nutrient supply. This research was carried out due to standard recommendation of soil and 
plant analysis for pummelo is not available. A nutrient survey of 9 orchards in Pakpanang, Nakhon Si Thammarat; 
8 orchards in Kanom and Sichon, Nakhon Si Thammarat; and 6 orchards in Waingkan, Chaingrai was performed. 
The results showed that an optimum P concentration in leaves was in a range of 0.15-0.20 %. The P in leaves did 
not correspond to the soil concentration. Available P in soil (Bray II 15-25 mg/kg) is more suitable for P evaluation 
than the leaf values. Pummelo tends to uptake more K in acid soil, which has low Ca, than in alkali soil. An 
optimum K in leaves was found 1.5-2.0 %, Exchangeable soil K should be in a range of 80-120 mg/kg (1 M 
NH4OAc pH 7), while the Ca/K mole ratio should be 10-13 for reducing luxury consumption of K. High DTPA 
extractable Fe and Mn were found in all soil samples. The optimum ranges of Fe and Mn in leaves should be in 
ranges of 40-80 and 5-15 mg/kg, respectively. Zn concentrations in leaves and in those in soils did not 
correspond to each another. Zn deficiency symptom is normally found where the Zn in leaves is lower than 20 
mg/kg, and the Zn in soil is lower than 1.5 mg/kg. The symptom was found in almost all orchards in Nakhon Si 
Thammarat, while only one orchard in Chaingrai was found. 
Keywords : Pummelo, nutrient, soil and plant analysis 

 
�����H�� 

 =>?@A (Citrus maxima) BCDEFGHBIJKLกNOPAQRSTSUVRW>JXYZ[\?=E]OO\ก^_\W^`\QCJaBSIBFNV?PbcEAT`\Q^`ABEGVAQ FGH
HENWEUc]d>e_e_N^=fQ]H>g\^hA\d\J?\ก ก\JOXWก\Jg\^hA\d\J]d>BกNWCJa=NSgNi\FObQ^>AQ?UZ[\?j?ÈTk\^\?RCW>[T ClOOhYXETXQ
R?`?UZ`\jEaEk\=k\dJXYก\JjC_Z[\?d?\Te_ก\J[NBZJ\admWNEj_aFGHPAQ=>?@A ef>[NOXTObQRW>BJNV?Q\E[NOXTEUcPbcE @WT]H>[NgU=k\J[O
g\^hA\d\J]EjC_QC_fกPAQBกK^JกJ]E 3 FGcESUV ZGA A.C\กFEXQ O.EZJIJUgJJ?J\H 9 =[E, A.=NH_ j_a A.PEA? O.
EZJIJUgJJ?J\H 8 =[E, j_a A.B[UTQjก`E O.BHUTQJ\T 6 =[E e_ก\J=k\J[OFY[`\ Z[\?BP>?P>EPAQ P ]E]YSUVBd?\a=?Z[JATf`
]EH`[Q 0.15-0.20 % @WTR?`=X?FXEgmกXYZ[\?BP>?P>E]EWNE @WTZ[\?BP>?P>E]EWNE (Bray II 15-25 mg/kg) =\?\JnỲQHUcJaWXY
SUVBd?\a=?RW>WUก[`\ =>?@AWfW]H> K ]EWNEกJWobVQ?U Ca ^Vk\RW>WUก[\̀WNEW`\Q Z[\?BP>?P>E]E]YSUVBd?\a=?Z[JATf`]EH`[Q 1.5-2.0 
% =̀[E]EWNEZ[JATf]̀EH[̀Q 80-120 mg/kg (1 M NH4OAc pH 7) B?GVA=XW=̀[E@WTOk\E[E@?_ Ca/K Z[J?UZ`\ 10-13 BFGVA_W
ก\JWfW]H> K BกNEZ[\?^>AQก\J Z[\?BP>?P>EPAQ Fe j_a Mn SUV=กXWRW>W>[T DTPA FY=fQ]EShก^X[AT\̀QWNE Z[\?BP>?P>EPAQ 
Fe j_a Mn ]E]YSUVBd?\a=?Z[JATf`]EH[̀Q 40-80 j_a 5-15 mg/kg =k\dJXYZ[\?BP>?P>EPAQ Zn FY[`\ ?UZ[\?R?`=AWZ_>AQ
กXEJad[`\QZ\̀Z[\?BP>?P>E]EWNEj_a]E]Y =[ESUVFY=>?@Aj=WQA\ก\JP\W=XQกa=UAT\̀QHXWBOE?Xก?U Zn ]E]Y^Vk\ก[`\ 20 
mg/kg j_a]EWNE^Vk\ก[\̀ 1.5 mg/kg =>?@A]EBP^OXQd[XWEZJIJUgJJ?J\HBกGAYShก=[Ej=WQA\ก\JP\W=XQกa=U ]EPpaSUVFY
A\ก\JBW`EHXW]EOXQd[XWBHUTQJ\TBFUTQ=[EBWUT[ 
��������I : =k\@A, g\^hA\d\JFGH, ก\J[NBZJ\admWNEj_aFGH 
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 =>?@A (Citrus maxima) BCDEFGHSUV?UnNVEกk\BENW]EBABHUT^a[XEAAกBrUTQ]^> =>?HENWEUc?Ue_@^BC_GAกdE\ Sk\]d>BกsY
JXกK\RW>E\Ej_aSES\E^`Aก\JPE=̀Q EAกO\กEUcTXQ=\?\JnOk\dÈ\TRW>SXcQJfCe_=W ^XWj^`Q j_ajCJJfC =>?@AObQBCDEFGHSUV?U
IXกTi\FSUVOaFXtE\BCDEFGHAĥ =\dกJJ?RW>R?`T\ก ]ECu F.I. 25550 CJaBSIRST?UFGcESUVC_fก=>?@ASXV[CJaBSI 200,965 RJ̀ 
กJaO\TATf`SXV[Shกi\Z @WT?Ue_e_N^Br_UVTBFUTQ 1,533 กN@_กJX?/RJ̀ (IfETm=\J=EBSIก\JBกK^J, 2550) ]EPpaSUVFGH^Jaกf_=>?
?UIXกTi\FSUVOa]d>e_e_N^RW>=fQก[`\ 5,000 กN@_กJX?/RJ̀ (Koo, 2008) ก\JOXWก\Jg\^hA\d\JSUVR?B̀d?\a=?BCDEClvd\dEbVQSUVSk\
]d>e_e_N^PAQFGH^Vk\ j_aBกK^JกJRW>JXYCJa@THEmR?`Zh>?Z\̀กXYก\J_QShE Z`\jEaEk\?\^JL\E=k\dJXYก\JjC_e_ก\J[NBZJ\adm
WNEj_aFGH BCDEBZJGVAQ?GASUVOk\BCDE=k\dJXYก\JOXWก\Jg\^hA\d\J BFGVA]H>BCDEBกpwm̂ XW=NEHENWPAQg\^hA\d\Jj_aZk\E[p
CJN?\pSUVBd?\a=?SUV̂ >AQ]d>jก`FGH ClOOhYXETXQR?`?UZ\̀jEaEk\?\^JL\E=k\dJXY=>?@A ef>[NOXTObQRW>Wk\BENEก\J[NOXTEUc @WTB_GAก]H>
[NgU=k\J[Og\^hA\d\J (nutrient survey) obVQBCDE[NgUSUVRW>e_BJs[]EกJpUPAQR?>e_ (=h?N̂ J\ j_aZpa, 2546; Diczbalis, 2002; 
Reuter and Robinson, 1997) 
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 Q\E[NOXTEUcRW>Sk\ก\JBกsY^X[AT\̀QWNEj_a]Y=>?@AO\ก=[EPAQBกK^JกJSUVC_fก=>?@AFXEghmP\[SAQWU ?UA\Thก\JC_fก 8-
16 Cu ]E 3 FGcESUV obVQ?UWNE_XกKpaj^ก^\̀QกXE ZGA FGcESUVAk\BiAC\กFEXQ OXQd[XWEZJIJUgJJ?J\H Ok\E[E 9 =[E FGcESUVAk\BiA=N
H_j_aAk\BiAPEA? OXQd[XWEZJIJUgJJ?J\H Ok\E[E 8 =[E j_aFGcESUVAk\BiAB[UTQjก`E OXQd[XWBHUTQJ\T Ok\E[E 6 =[E 
^X[AT\̀QWNEBกsY@WT]H>=[`\E=k\J[OWNE กk\dEWOhWBกsYjYY=h`? BO\aBกsYYJNB[pH\TFh`?PAQ^>E=>?=[E_a 7z9 OhW j^`_aOhW
jTก^X[AT\̀QBCDEWNEYE (0-15 cm) j_aWNE_̀\Q (15-45 cm) Ek\^X[AT\̀QO\กZ[\?_bกBWUT[กXE?\e=?กXEj_a=h`?ock\BFGVA=J>\Q
^X[AT\̀QJ̀[? (composite sample) PAQj^`_a=[E ebVQ^X[AT`\Q]ESUVJ̀?OEjd>Q j_>[^k\j_aJ̀AEè\E^ajกJQPE\WH`AQ 2 
?N__NB?^J [XWZ\̀Z[\?BCDEกJBCDEW`\Q]EEck\@WT]H>AX^J\=̀[E 1:2.5 (WNE : Eck\) [XWZ\̀ก\JEk\R||}\]E=\JjP[E_AT@WT]H>
AX^J\=̀[E 1:5 (WNE : Eck\) [NBZJ\admANESJUT[X̂ nhW>[T[NgU Walkley & Black [NBZJ\adm|A=|AJX=SUVBCDECJa@THEm@WT=กXWW>[T
=\J_a_\T Bray No.2 j_a[NBZJ\admZ[\?BP>?P>E]E=\J=กXWW>[T[NgU Molybdenum blue [NBZJ\adm@FjS=BoUT? jZ_BoUT? 
j_aj?กEUBoUT? @WT=กXWW>[T=\J_a_\T 1 M NH4OAc pH 7.0 j_a[NBZJ\admZ[\?BP>?P>E]E=\J=กXWW>[T[NgU Atomic 
absorption spectrophotometry  [NBZJ\admBd_sก j?Qก\EU= SAQjWQ j_a=XQกa=U @WT=กXWW>[T=\J_a_\T DTPA j_a
[NBZJ\admZ[\?BP>?P>E]E=\J=กXWW>[T[NgU Atomic absorption spectrophotometry (Jones, 2001) 
 ^X[AT\̀Q]Y=>?@ABกsYO\ก^>ESUVBกsY^X[AT\̀QWNE ^>E_a 4 ]Y @WTBกsY]Y^k\jdÈQSUV 3 dJGA 4 PAQH`A]YSUVj^ก_̀\=hW O\ก
กNVQSUVR?`^NWe_ j_a?UA\Th]YCJa?\p 3-5 BWGAE BกsY^X[AT\̀Q]=̀nhQกJaW\Kj_aEk\RCAYSUVAhpdif?N 70 °C i\T]E 24 HXV[@?Q 
YW^X[AT`\Q]YSUVjd>Qj_>[j_aJ̀AEè\E^ajกJQPE\WH`AQ 0.5 ?N__NB?^J [NBZJ\admRE@^JBOE@WT[NgU Kjeldahl ^X[AT`\QAUก=̀[E
dEbVQEk\RCT`ATW>[TกJWe=? HNO3 : HClO4 (2:1) j_>[[NBZJ\adm|A=|AJX=W>[T[NgU Vanadomolybdate j_a[NBZJ\admg\^hSUV
BCDE@_daW>[T[NgU Atomic absorption spectrophotometry (Jones, 2001) 
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 e_ก\J[NBZJ\admWNEO\กก\J=k\J[OZJXcQEUc RW>Ek\?\OXWJaWXYBCDE 5 JaWXY ZGA ^Vk\?\ก ^Vk\ Bd?\a=? =fQ j_a=fQ?\ก 
@WTEk\P>A?f_SUV?Uก\JIbกK\R[>ก`AE?\FNO\Jp\J̀[?W>[TBFGVA]d>e_ก\JOXWJaWXY?UZ[\?=?YfJpm?\กPbcE e_ก\JIbกK\=̀[E]dv̀
=AWZ_>AQกXYZ\̀jEaEk\SUV?Uก\JJ\TQ\ER[>j_>[ j_aR?`FYZ[\?j^ก^\̀QJad[`\QZ\̀jEaEk\=k\dJXY=>?@AกXYZ`\=k\dJXYFGHHENW
AGVE (Chen et al., 2007; Jones, 2001) (Table 1) j=WQ]d>BdsE[`\ Z[\?BP>?P>EPAQg\^hA\d\J]EWNER?`?UZ[\?Ok\BF\a^`A
HENWFGH  EAกO\กEUcTXQFY[\̀ e_ก\J[NBZJ\admWNEỲQHUcJaWXYZ[\?FABFUTQPAQ P, K, Ca, j_a Mg RW>WUก[\̀e_ก\J[NBZJ\admFGH 

Z[\?BP>?P>EPAQ P ]E]Y=>?@AATf`]EH[̀Q 0.15-0.20 % BCDE=̀[E]dv̀R?[̀`\Z[\?BP>?P>E]EWNEOa=fQdJGA^Vk\ Z[\?
BP>?P>E]EWNEObQ]H>BCDEWXHEUHUc[XWZ[\?^>AQก\J P RW>WUก[`\]E]Y B?GVAZ[\?BP>?P>E K ]EWNE=fQก[`\ 100 mg/kg FY[`\Z[\?
BP>?P>EPAQ K ]E]Y=>?ATf]̀EH[̀Q 1.5-2.0 % =>?@A?UjE[@E>?WfW]H> K =fQBกNEZ[\?^>AQก\J (luxury consumption) B?GVA=XW=̀[E
Ok\E[E@?_ PAQ Mg/K ^Vk\ dJGAZ[\?BP>?P>EPAQ Ca =fQ WXQEXcE ก\JOXWก\Jg\^hA\d\JSXcQ=\?EUcZ[JWk\BENEก\JJ̀[?กXE BFGVA]d>?U
=XW=̀[ESUVBd?\a=? j_aC}AQกXER?`]d>=NcEBC_GAQCh�T K @WTR?`Ok\BCDE JaWXYZ[\?BP>?P>ESUVBd?\a=?PAQ P j_a K =fQก[`\Z`\
jEaEk\SXV[RCPAQFGH^Jaกf_=>? (Table 2) Z[\?BP>?P>EPAQ Ca ]E]YFY[`\ ATf`]EH[̀Q 2.0-4.0 % @WTZ[\?BP>?P>E^Vk\ก[`\ 3.0 



  

% FY]EWNESUV?U Ca ^Vk\ก[`\ 1000 mg/kg dJGA=XW=̀[EOk\E[E@?_PAQ Ca/Mg ^Vk\ก[`\ 4 B?GVA=XW=̀[EOk\E[E@?_PAQ Ca/Mg 
=fQPbcE FY[`\=>?@A=\?\JnWfW]H> Ca RW>=fQPbcEW>[T obVQj=WQ]d>BdsE=?YX^NC�NClกKm (antagonism) PAQg\^hA\d\JSXcQ=AQEUc 
=?YX^NC�NClกKmPAQ Ca j_a Mg EAกO\กFY]E=>?@Aj_>[ TXQ?UJ\TQ\E[`\FY]E?XQZhWj_aShBJUTEW>[TBH`EกXE (=h?N^J\ j_a
Zpa, 2546) WXQEXcE ก\JOXWก\Jg\^hA\d\JSXcQ=AQEUcOk\BCDE^>AQOXWก\JZ[YZfก̀XE FGHObQOaWfW]H>g\^hSXcQ=AQRW>AT`\Q?U
CJa=NSgNi\F Z[\?BP>?P>E Ca SUVBd?\a=?]E]YZ[JATf`]EH`[Q 3.0-4.0 % e_ก\J=k\J[OFY[\̀ Mg ]E]Y=̀[E]dv̀ATf]̀EH[̀Q 
0.30-0.60 % j_a?UjE[@E>?_W_QB?GVA=XW=̀[EOk\E[E@?_PAQ Ca/Mg =fQPbcE BEGVAQO\ก=?YX^NC�NClกKmPAQg\^hSXcQ=AQWXQก_̀\[ 
Z[\?BP>?P>E=fQก[`\ 0.50 % FYBrF\a=>?@ASUVC_fก]EWNEW`\Q obVQ?U Ca/Mg ^Vk\ obVQÈ\OaBCDEe_?\O\กFGHWfW]H> Mg =fQBกNE
Z[\?Ok\BCDE WXQEXcE Z\̀Z[\?BP>?P>ESUVBd?\a=?Z[JATf`]EH`[Q 0.30-0.50 %  Z[\?BP>?P>EPAQ Fe ]E]YFY[\̀ATf]̀EH[̀Q 40-80 
mg/kg ]EPpaSUVZ[\?BP>?P>E]EWNEATf`]EJaWXY=fQ?\ก (=fQก[\̀ 25 mg/kg) j_aR?`FYFGHj=WQA\ก\JP\W Fe ]EFGcESUV]WB_T 
Z[\?BP>?P>EPAQ Mn ]E]Y FY[\̀=̀[E]dv̀ATf`]EH`[Q 5-15 mg/kg ]EPpaSUVZ[\?BP>?P>E]EWNEATf`]EJaWXY=fQ?\ก (=fQก[\̀ 30 
mg/kg) j_aR?`FYFGHj=WQA\ก\JP\W Mn B_TBH`EBWUT[กXY Fe Z[\?BP>?P>EPAQ Cu ]E]YFY[`\ ATf]̀EH[̀Q 4-54 mg/kg  
Z[\?BP>?P>ESUV=fQeNWCก^N (=fQก[\̀ 20 mg/kg ) È\OaBกNWO\กก\JF̀E=\JCJaกAYSAQjWQBFGVAC}AQกXEกk\OXWIX̂ JfFGH ก\J=k\J[O
R?`FYFGHj=WQA\ก\JP\WSAQjWQ WXQEXcEZ\̀SUVBd?\a=?È\Oa?\กก[\̀ 4 mg/kg Z[\?BP>?P>EPAQ Zn ]E]YFY[`\ ATf]̀EH[̀Q 
5-53 mg/kg  j_aFGH?UjE[@E>?j=WQA\ก\JP\W Zn B?GVAZ[\?BP>?P>E]E]Y^Vk\ก[\̀ 15 mg/kg e_ก\JIbกK\ZJXcQEUcTXQFY[\̀ =>?
@A=̀[E]dv̀]EOXQd[XWEZJIJUgJJ?J\HP\W=XQกa=U (Table 1 j_a Table 2)  
 
Table 1   Recommended values for top-soil (0-15 cm) of pummelo orchard. The soil sample should be taken 

from beneath the outer canopy. 

Item (method) Unit Very low Low Optimum High Very high 

pH (1:2.5 in water)  < 4.5 4.5-5.5 5.5-6.5 6.5-8.5 > 8.5 
EC (saturation) mS/cm < 1.0 1.0-2.0 2.0-3.0 3.0-4.0 > 4.0 
OM (Walkley&Black) g/kg < 5 5-15 15-25 25-45 > 45 
P (Bray II) mg/kg < 5 5-15 15-25 25-75 > 75 
K (1 M NH4OAc pH 7) mg/kg < 50 50-100 100-150 150-200 > 200 
Ca (1 M NH4OAc pH 7) mg/kg < 400 400-1000 1000-2000 2000-3000 > 3000 
Mg (1 M NH4OAc pH 7) mg/kg < 48 48-120 120-240 240-360 > 360 
Fe (DTPA extractable) mg/kg < 5 5-10 11-16 17-25 > 25 
Mn (DTPA extractable) mg/kg < 4 4-8 9-12 13-30 > 30 
Cu (DTPA extractable) mg/kg < 0.3 0.3-0.8 0.9-1.2 1.3-2.5 > 2.5 
Zn (DTPA extractable) mg/kg < 0.5 0.5-1.0 1.1-3.0 3.1-6.0 > 6.0 

 
Table 2   Recommended values (optimum ranges) for leaf analysis of pummelo. The leaf sample should be 

3-5 months old, and taken from non-fruiting terminals.  
Nutrient element Unit Pummelo (this study) Citrus (Koo, 2008) 

P % 0.15-0.20 0.12-0.16 
K % 1.5-2.0 1.20-1.70 
Ca % 3.0-4.0 3.00-4.90 
Mg % 0.30-0.50 0.30-0.49 
Fe mg/kg 40-80 60-120 
Mn mg/kg 5-15 25-100 
Cu mg/kg > 4 5-16 
Zn mg/kg > 15 25-100 

 



  

 
 
 
 
 
 
 
 
 
 
 
Fig. 1   Correlation between K concentrations in pummelo leaf and Mg/K mole ratio in soil (left), and its correlation 

with exchangeable Ca in soil (right). 
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 Z`\jEaEk\=k\dJXYก\J[NBZJ\admWNE=k\dJXY=[E=>?@AFY[`\ ]ก_>BZUTQกXYZ\̀jEaEk\=k\dJXYFGHSXV[RC ]EPpaSUVZ`\
jEaEk\=k\dJXYก\J[NBZJ\adm]Y?UZ[\?Ok\BF\a^`A=>?@A?\กก[\̀  B?GVABCJUTYBSUTYกXYFGH^Jaกf_=>?HENWAGVEFY[\̀ =>?@A^>AQก\J 
P j_a K =fQก[`\ ^>AQก\J Ca j_a Mg ]ก_>BZUTQกXE ]EPpaSUV̂ >AQก\J Fe j_a Mn ^Vk\ก[`\ ก\JIbกK\ZJXcQEUcR?`=\?\JnJaYhZ\̀
jEaEk\SUVjÈEAE=k\dJXY Cu j_a Zn RW> BEGVAQO\ก?UP>A?f_R?`Z_AYZ_h?H`[QSUV^>AQก\JIbกK\ 
 

ก�		�ก���J��ก�; 

 ef>[NOXTPAPAYZhp=k\EXกQ\EกAQShE=EXY=EhEก\J[NOXT (=ก[.) SUVRW>]d>ShEAhWdEhEQ\E[NOXTEUc 
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