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�0IGXYVIV�EX�XLI�1EWXIV�SJ�%KVMGYPXYVEP�7GMIRGI�7XYH]�4VSKVEQ��*EGYPX]�SJ�%KVMGYPXYVI��
*MWLIVMIW�ERH�&MSPSK]��&ERKOE�&IPMXYRK�9RMZIVWMX]��&ERKOE��������-RHSRIWME

�0IGXYVIV�EX�XLI�%KVMFYWMRIWW�7XYH]�4VSKVEQ��*EGYPX]�SJ�%KVMGYPXYVI��*MWLIVMIW�ERH�
&MSPSK]��&ERKOE�&IPMXYRK�9RMZIVWMX]��&ERKOE��������-RHSRIWME

�7XYHIRX�EX�XLI�1EWXIV�SJ�%KVMGYPXYVEP�7GMIRGI�7XYH]�4VSKVEQ��*EGYPX]�SJ�%KVMGYPXYVI��
*MWLIVMIW�ERH�&MSPSK]��&ERKOE�&IPMXYRK�9RMZIVWMX]��&ERKOE��������-RHSRIWME

�'SVVIWTSRHMRK�EYXLSV��I�QEMP��R]E]YOLSHMNEL$]ELSS�GS�MH

%&786%'8
8LI� ;LMXI� TITTIV� �4MTIV� RMKVYQ� 0�
� MW� -RHSRIWMEƅW� PIEHMRK� WTMGI� GSQQSHMX]�� %W� E� TVSHYGXMSR� GIRXIV�� &ERKOE�
&IPMXYRKWXMPP�RIIHW�LIPT�MR�GYPXMZEXMSR��MRGPYHMRK�RYXVMIRX�EZEMPEFMPMX]��2YXVMIRXW�2��4��ERH�/�EVI�QEGVS�IPIQIRXW�XLEX�
HIXIVQMRI�XLI�KVS[XL�SJ�TPERXW��MRGPYHMRK�TITTIV��8LMW�VIWIEVGL�EMQW�XS�MHIRXMJ]�XLI�WXEXYW�SJ�2��4��ERH�/�RYXVMIRX��
in P. nigrum plants by observing leaf visuals, nutrient analysis, and plant tissue analysis. Signi񯿿cance of study:
/RS[PIHKI�VIKEVHMRK�XLI�EFWSVTXMSR�SJ�RYXVMIRXW�F]�TPERXW�ERH�XLIMV�HMWXVMFYXMSR�MR�ZEVMSYW�TEVXW�SJ�XLI�TPERX��JSV�
example, leaves, branches, fruit, and roots) will be useful for agronomists in designing eƾcient fertilizer application
WXVEXIKMIW��8LI�I\TIVMQIRXEP�QIXLSHW�YWIH�MR� XLMW�VIWIEVGL�[IVI�SFWIVZEXMSR�ERH� PEFSVEXSV]�EREP]WMW�QIXLSHW��
8LI�VIWYPXW�SJ�XLI�SFWIVZEXMSR�HEXE�WLS[�XLEX�24/�RYXVMIRXW�MR�PERH�[MXL�I\GIPPIRXKVS[XL�GVMXIVME�LEZI�ER�2�XSXEP�SJ�
����	��4�3��EZEMPEFPI�MW�������QK�OK�ERH�EZEMPEFPI�/�3�SJ�����QK�OK��4PERX�KVS[XL�PEGOMRK�RYXVMIRXW�GVMXIVME�LEW�E�
XSXEP�2�GSRXIRX�SJ�����	��4�3��SJ�������QK�OK��ERH�/���SJ�����QK�OK��[LMPI�TPERX�XMWWYI�LEW�ER�2�8SXEP�GSRXIRX�SJ�
����	��4�8SXEP�SJ�����	��ERH�/�XSXEP�SJ�����	�JSV�TPERXW�[MXL�I\GIPPIRX�KVS[XL�GVMXIVME�ERH�2�XSXEP��4�XSXEP��ERH�/�XSXEP�
VIWTIGXMZIP]�������������ERH������QK�OK�JSV�TPERX�XMWWYI�[MXL�TSSV�KVS[XL�GVMXIVME�

/I][SVHW� De񯿿ciency, De񯿿ciency Symptoms, Potassium, Nitrogen (N), Phosphorus (P), White pepper
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-2863(9'8-32�
4MTIV�RMKVYQ�0�LEW�WXVEXIKMG�ZEPYI�EW�XLI�QSWX�TSTYPEV�WTMGI�ERH�QEOIW�E�ZIV]�TSTYPEV�WTMGI��7VMRMZEWER�IX�EP�������
���
Piper nigrum L., a ƽowering vine from the family Piperaceae, is valued for its dried berries called peppercorns, which
are known to have health bene񯿿ts and are used as a spice and seasoning.
White pepper production tends to decline. Meanwhile, from the export side, ƽuctuating developments are visible.
&EWIH�SR�XLI�6IZIEPIH�'SQTEVEXMZI�%HZERXEKI��6'%
�ZEPYI��-RHSRIWMER�4MTIV�RMKVYQ�ETTIEVW�XS�FI�GSQTIXMXMZI�JSV�
I\TSVX�TYVTSWIW�XS�+IVQER]��XLI�2IXLIVPERHW��*VERGI��-XEP]��ERH�&IPKMYQ��1IER[LMPI��XLI�)\TSVX�4VSHYGX�(]REQMGW�
(EPD) value shows that the competitive position of Indonesian Piper nigrum in the Netherlands, Germany, and
&IPKMYQ�MW� MR� XLI�6IXVIEX�TSWMXMSR��3R�XLI�SXLIV�LERH�� -RHSRIWMER�;LMXI�TITTIV�LEW�XLI�GSQTIXMXMZI�TSWMXMSR�SJ�
Rising Star in Italy, Falling Star in France, and Lost Opportunity in America. Finally, based on the Trade Specialization
-RHI\��87-
�ZEPYI��MX�GER�FI�WLS[R�XLEX� -RHSRIWME� MW�ZIV]�GSQTIXMXMZIRIWW�EW�ER�I\TSVXIV�SJ�[LSPI�;LMXI�TITTIV��
'SQTIXMXMZIRIWW� EREP]WMW� YWMRK� 6IZIEPIH� 'SQTEVEXMZI� %HZERXEKI� �6'%
�� )\TSVX� 4VSHYGX� (]REQMGW� �)4(
�� ERH�
Trade Specialization Index (ISP) (Balqis & Yanuar, 2021).
Yudiyanto et al., 2014; Ropalia et al., 2022, stated that one of the causes of the low productivity of Muntok white
TITTIV�VIGIRXP]��ETEVX�JVSQ�MRGVIEWMRK�JEVQMRK�GSWXW��MW�EPWS�HYI�XS�XLI�HIGPMRI�MR�WSMP�JIVXMPMX]�[LIVI�;LMXI�TITTIV�
farming is done. White pepper cultivation requires suƾcient nutrients for growth and unfavorable environmental
GSRHMXMSRW��IWTIGMEPP]�VIPEXIH�XS�HIGVIEWIH�WSMP�JIVXMPMX]�ERH�YRWYMXEFPI�[IEXLIV���4EHYMX�IX�EP�������
���WXEXIH�XLEX�
the high response to N, P, and K, recommendations for effective fertilization, the need for plant nutrient absorption
and disposal must be clearly understood to gain eƾciency in white pepper cultivation. Large amounts of nutrients
are required to produce and maintain economic yields of white pepper. To achieve high yields, farmers must apply
nutrients in suƾcient quantities to meet the total nutrient requirements of the plant.
/RS[PIHKI�VIKEVHMRK�XLI�EFWSVTXMSR�SJ�RYXVMIRXW�F]�TPERXW�ERH�XLIMV�HMWXVMFYXMSR�MR�ZEVMSYW�TEVXW�SJ�XLI�TPERX��JSV�
example, leaves, branches, fruit, roots, etc.) will be helpful for agronomists in designing eƾcient fertilizer application
WXVEXIKMIW��%RSXLIV�TVSFPIQ�MW�VIPEXIH�XS�XLI�PS[�TVMGI�SJ�4��RMKVYQ��[LMGL�IRGSYVEKIW�PS[IV�TVSHYGXMSR�GSWXW�ERH�
E�GPIERIV�IRZMVSRQIRX��7YPSO�IX�EP������
���4��RMKVYQ�MW�GYPXMZEXIH�MR�ZEVMSYW�WSMP�X]TIW�[MXL�ZEV]MRK�T,�ERH�JIVXMPMX]��
Ideal conditions require loose soil rich in humus and important plant nutrients, with good drainage, suƾcient water.
%QSRK�XLI�RYXVMIRXW�GSRWYQIH�F]�FPEGO�TITTIV��2�YTXEOI�MW�XLI�LMKLIWX��JSPPS[IH�F]�/�ERH�'E��ERH�XLI�RYQFIV�
of nutrients lost from the soil will follow the order: N>K>Ca>Mg>P>S>Fe>Mn>Zn (Srinivasan et al., 2007). Plants
require the most signi񯿿cant amount of N among the three main/primary nutrients (the others are P and K). N, P, and
K have many functions, including promoting rapid growth, increasing leaf size and quality, and enhancing fruit and
seed development; they form a single component of many important components in plants, including amino acids,
which are the building blocks of proteins and enzymes, which are involved in most biochemical process catalysts.
7S�MX�MW�RIGIWWEV]�XS�WXYH]�XLI�GSRHMXMSR�SJ�4MTIV�RMKVYQ�TPERXW�FEWIH�SR�XLI�KVS[XL�WXEXYW�SJ�XS�PIEJ�ZMWYEPW��WSMP�2��
4��ERH�/�RYXVMIRXW��ERH�PIEJ�XMWWYI�RYXVMIRXW��XS�HIXIVQMRI�XLI�2��4��ERH�/�RYXVMIRX�WXEXYW�SR�XLI�X[S�4��RMKVYQ�KVS[XL�
GVMXIVME��
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1%8)6-%07�%2(�1)8,3(7
8[S�TEVO�GSRHMXMSRW�[IVI�HIXIVQMRIH�YWMRK�HMJJIVIRX�GVMXIVME�XS�FI�SFWIVZIH� MR�HITXL��8[S���
�EHNEGIRX�KEVHIR�
PSGEXMSRW�[IVI�WIPIGXIH�[MXL�KSSH�ERH� PS[� KVS[XL�GVMXIVME��QEVOIH�F]� XLI� ZMWYEP�ETTIEVERGI�SJ�TITTIV�KVS[XL�
morphology, production criteria of 2 to 4 tons per hectare to determine growth criteria (≤2 tons low production,
2-3 tons suƾcient production and ≥ 4 tons produced well. Twenty trees were used, with each tree observing 20
symptomatic leaves on each tree. The leaf de񯿿ciency or toxicity criteria are observed in detail by comparing the
visible symptoms with the table of toxic and nutrient de񯿿ciency symptoms (McCauley et al., 2011). Nutrient status
assessment is carried out by analyzing the macronutrients N, P, and K and creating criteria for high, suƾcient and
PS[�RYXVMIRX�WXEXYW��76-������
��8LI�HIXIGXIH�RYXVMIRXW�EVI�GSQTEVIH�[MXL�XLSWI�EFWSVFIH�F]�XLI�TPERX��EREP]WMW�SJ�
SPH�PIEJ�TPERX�XMWWYI
�
8EFPI����3FWIVZEXMSR�WXEKIW

7XEKIW 3YXIV %GLMIZIQIRX�MRHMGEXSVW 1IXLSH
���(IXIVQMRI�XLI�GVMXIVME�JSV�

WXYH]MRK�PSGEXMSR�KEVHIRW
��GVMXIVME�JSV�KSSH�ERH�FEH�
KVS[XL�SJ�;LMXI

4PERXW�[MXL�KSSH�ERH�FEH�
KVS[XL�GVMXIVME�GER�FI�
HMWXMRKYMWLIH

:MWYEPP]�FEWIH�SR�
QSVTLSPSKMGEP�SFWIVZEXMSR�
SJ�TPERXW

���3FWIVZEXMSR�SJ�PIEJ�
W]QTXSQW��9WMRK�
HIXIVQMRERX�OI]W�XS�
HIXIVQMRI�TPERX�PIEJ�
W]QTXSQW��1G'EYPI]�
%1��.SRIW�'��.EGSFWIR�
.��������4PERX�2YXVMIRX�
Functions and De񯿿ciency
ERH�8S\MGMX]�7]QTXSQW��
Module. United States:
1SRXERE�7XEXI�9RMZIVWMX]


3FWIVZI�XLI�W]QTXSQW�SJ�
]SYRK�PIEZIW�ERH�SPH�PIEZIW�
F]�GSQTEVMRK�XLIQ�FEWIH�
SR�XLI�SFWIVZEXMSR�XEFPI�JSV�
de񯿿ciencies and toxic macro
ERH�QMGVS�RYXVMIRXW

De񯿿cit and toxic nutrients are
HIXIVQMRIH�FEWIH�SR�ZMWMFPI�
W]QTXSQW

:MWYEP�SFWIVZEXMSR�SJ�
PIEZIW�F]�GSQTEVMRK�ZMWYEP�
W]QTXSQW�[MXL�E�XEFPI�SJ�
nutrient de񯿿ciency and toxic
W]QTXSQW

���7SMP�WEQTPI�GSPPIGXMSR QEGVS�QMGVS�RYXVMIRX�WXEXYW�
HIXIGXIH

analyzed forQEGVSRYXVMIRXW�
2��4�ERH�/

8EFPI�1IXLSH�8]TIW�SJ�
QEGVS�ERH�QMGVS�RYXVMIRXW

���4PERX�XMWWYI�EREP]WMW�
7EQTPMRK�SPH�PIEZIW

8S�SFWIVZI�QSFMPI�RYXVMIRX�
YTXEOI�ERH�JSV�MQQSFMPI�
RYXVMIRXW�WEQTPIW�[IVI�YWIH�
JVSQ�SPH�PIEZIW�

2YXVMIRX�YTXEOI�GEPGYPEXMSRW�
EVI�GEVVMIH�SYX�F]�GSQTEVMRK�
QIHME�RYXVMIRXW�[MXL�XLI�
RYXVMIRXW�GSRXEMRIH�MR�PIEJ�
TPERXW

Nutrient uptake eƾciency is
GEPGYPEXIH�YWMRK�XLI�JSVQYPE�
!�EQSYRX�SJ�TPERX�RYXVMIRXW�
�XST�ERH�VSSXW
���EQSYRX�SJ�
RYXVMIRXW�MR�XLI�QIHME

The criteria used to recognize the chemical fertility status of soil analysis results are based on standardized soil
WXEXYW�GVMXIVME�F]�XLI�-RHSRIWMER�7SMP�6IWIEVGL�-RWXMXYXI��76-������
��8EFPI���FIPS[�GSRXEMRW�E�XEFPI�SJ�WSMP�GVMXIVME�MR�
XLI�ZIV]�PS[��PS[��JEMV��LMKL��ERH�ZIV]�LMKL�VERKI�
Table 2. Soil media status criteria standardized by the Indonesian Soil Research Institute (2005)

7SMP�'LEVEGXIVMWXMG� :IV]�0S[ 0S[ 'YVVIRXP] ɸHigh Very�ɸHigh
'��3VKERMO���	
  � ��� ������ ������ >5
2�8SXEP��	
  ��� ������� �������� ��������� >0.75
4�3��&VE]����TTQ
  �� ����� ����� ����� >60
/�3�,'0���	��QI����K
  �� ����� ����� ����� >60
T,�,��� ���� ������� ������� ������� ������� >8.5
ZIV]��EGMH
 �EGMH
 �WPMKLXP]�EGMH
 �RIYXVEP
 �WPMKLXP]�EPOEPMRI
 �EPOEPMRI


7SYVGI���7SMP�6IWIEVGL�-RWXMXYXI������
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6)79087�%2(�(-7'977-32
Detect de񯿿ciency and toxic symptoms in old leaves
8EFPI����6IWYPXW�SJ�ZMWYEP�SFWIVZEXMSRW�SJ�4MTIV�RMKVYQ�PIEZIW

De�ciency�Symptoms '+VS[XL�2S�
+SSH 8S\MG�7]QTXSQW

3PH�0IEZIW
+SSH�
+VS[XL�
'VMXIVME

+VS[XL�2S�
+SSH

2MXVSKIR� 2MXVSKIR��
8LI�GSPSV�SJ�XLI�PIEZIW�FIGSQIW�TEPI� √ 8LI�TPERX�MW�HEVO�KVIIR�ERH�PYWL��FYX�MX�

YWYEPP]�LEW�E�WQEPP�VSSX�W]WXIQ��WLEPPS[�
ERH�PMQMXIH
��&YVRMRK�W]QTXSQW�SGGYV�SR�
XLI�IHKIW�SJ�XLI�PIEZIW��ERH�MW�JSPPS[IH�
F]�XMWWYI�HIEXL�SR�XLI�WXVERHW�FIX[IIR�
XLI�ZIMRW�SJ�XLI�PIEZIW�

< \
0IEJ�XMWWYI�FIGSQIW�HV]�ERH�HMIW� √

4PERX�KVS[XL�MW�WXYRXIH�ERH�WXYRXIH�

4LSWTLSV 4LSWTLSV
0IEJ�ZIMRW�8LI�GSPSV�SJ�XLI�PIEZIW�
MW�HEVO�KVIIR�ERH�XLI�WYVJEGI�PSSOW�
WLMR]�VIHHMWL�

√
2IGVSWMW�ERH�HIEXL�SJ�KVS[MRK�TSMRXW��
'LPSVSWMW�SR�XLI�PIEJ�FPEHIW�FIX[IIR�XLI�
ZIMRW�SJ�]SYRK�PIEZIW�ERH�W]QTXSQW�SJ�
WGSVGLMRK�SR�XLI�IHKIW�SJ�SPH�PIEZIW�

< √0IEZIW�EVI�WLSVX�Ɓ�WLSVX� √
8LI�IHKIW�SJ�XLI�PIEZIW��FVERGLIW��
ERH�WXIQW�FIGSQI�WQEPPIV�ERH�
TYVTPMWL�VIH�ERH�KVEHYEPP]�XYVR�]IPPS[�

4SXEWWMYQ 4SXEWWMYQ
3PH�PIEZIW�[MPP�WLVMZIP�SV�GYVP��XYVR�
FVS[RMWL�VIH��ERH�HV]�SYX�PMOI�XLI]�
LEZI�FIIR�FYVRIH

√ )\GIWW�TSXEWWMYQ��/
�HMWVYTXW�XLI�
EFWSVTXMSR�SJ�'E�ERH�1K��WXYRXMRK�TPERX�
KVS[XL��8LYW��XLI�TPERX�I\TIVMIRGIW�E�
de񯿿ciency. At 񯿿rst, the leaves appear
TYGOIVIH��[MXL�IHKI�PIEJ�]IPPS[MRK��
ZMWMFPI�WTSXXMRK�SJ�HMVX]�GSPSVIH�
GLSGSPEXI��ERH�PIEJ�HIEXL�

< \8VERWTEVIRX�]IPPS[�WTSXW�ETTIEV�SR�
XLI�PIEZIW� √

7YWGITXMFPI�XS�HMWIEWI √
1EKRIWMYQ���� 1EKRIWMYQ

3VERKI�]IPPS[�MRXIVZIMREP�GLPSVSWMW�
SR�SPHIV�PIEZIW \ 2IGVSWMW��XMWWYI�HIEXL
�MR�TPERX�PIEZIW� < \

* (Wahyuni, Darma, & Wayahdi, 2017), ** (Wiraatmaja, 2017), *** (McCauley et al., 2011)

Symptoms of N, P, and K de񯿿ciency were detected in poor growth conditions, but toxic symptoms of P were also
HIXIGXIH�MR�KSSH�KVS[XL�GVMXIVME��8EFPI��
��1IER[LMPI��XS\MG�W]QTXSQW�EVI�SRP]�JSYRH�MR�TLSWTLSVYW�W]QTXSQW��
*MKYVI���FIPS[�WLS[W�ZMWYEPW�SJ�SPH�TPERXW�ERH�PIEZIW�

��E
 ��F
 ��G
 ��H


*MKYVI����4MTIV�RMKVYQ�KVS[XL�GSRHMXMSRW���E
�+SSH�KVS[XL�GVMXIVME�ERH�2S�+SSH�+VS[XL���F
��ERH�PIEJ�GSRHMXMSRW�
[MXL�ZMWMFPI�W]QTXSQW���G�ERH��H
����������
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Soil nutrient analysis, leaf tissue analysis and absorption eƾciency
8EFPI����6IWYPXW�SJ�2��4��ERH�/�RYXVMIRX�EREP]WMW�FEWIH�SR�4MTIV�RMKVYQ�KVS[XL�WXEXYW

7SMP�'LEVEGXIVMWXMG 7IXXPIQIRX�
7XEXYW 1IXLSH 9RMX 1IEWYVIQIRX 'VMXIVME

T,�,���3
+SSH� Extract 1 : 5 ICBB/

19����������
�4SXIRXMSQIXV]


� �� RIYXVEP

2S�+SSH ��� RIYXVEP

'�3VKERMG
+SSH� -'&&�19������������

(Walkley & Black /
+VEZMQIXVMG


���� LMKL

2S�+SSH ���� LMKL

'�2
+SSH�

GEPGYPEXMSR��
��

2S�+SSH ��

2�8SXEP
+SSH� -'&&�19�����������

�/NIPHELP

% ���� currently

2S�+SSH ���� low

4�3��%ZEMPEFPI�
+SSH�

-'&&�19����������
�3PWIR
��

-'&&�19����������
�&VE]�-


mg/Kg ����� high

2S�+SSH ����� low

/�3�%ZEMPEFPI��
+SSH�

(84%�Ɓ�%%7
mg/Kg ��� very low

2S�+SSH ��� very anxious

A low level of nitrogen is a criterion for poor growth, but nitrogen is relatively suƾcient for good growth (Table 3).
Another condition that can be seen is the phosphorus status, which is quite good for good growth criteria, but if
XLI�KVS[XL�MW�RSX�KSSH��TLSWTLSVYW�MW�HIXIGXIH�XS�FI�PS[��1IER[LMPI��XLI�TSXEWWMYQ�GSRXIRX�MW�VIPEXMZIP]�ZIV]�PS[�
FEWIH�SR�XLI�GVMXIVME��8EFPI���
�
Table 2 is used to determine the adequacy of nitrogen, phosphorus, and potassium nutrients obtained based on
WSMP�EREP]WMW�EX�XLI�VIWIEVGL�PSGEXMSR��8LI�GVMXIVME�YWIH�EVI�FEWIH�SR��XLI�7SMP�6IWIEVGL�-RWXMXYXI��76-������
��8EFPI���
shows the results of N, P, and K nutrient analysis in old leaves. Nutrient content 񯿿gures in White pepper leaves were
compared with standard data for nutrient adequacy in corn.
8EFPI����6IWYPXW�2��4�ERH�/�XMWWYI�RYXVMIRX�EREP]WMW�PIEJ

8]TI�2YXVMIRX 7IXXPIQIRX�
7XEXYW� 1IXLSH 9RMX 1EVO�6IWYPXW�

3FWIVZEXMSR�

7XERHEVH�
)RSYKL�

2YXVMIRXSR�
'SVR

9RMX�

0IEJ��3PH

'��3VKERMG
+SSH�

+VEZMQIXV]
����� �� 	

2S�+SSH �����
2 +SSH� ICBB/MU/11.003.2

�/NIPHELP��8MXVMQIXV]

	 ���� ������

2S�+SSH 	 ����
4 +SSH� -'&&�19���������

�7TIGXVSTLSXSQIXIV�9:�ZMW

	 ���� �������

2S�+SSH 	 ����
/ +SSH�

ICBB/MU/11.003.4 (AAS)
	 ���� ������

2S�+SSH 	 ����

3VKERMG�'�MR�4��RMKVYQ��PIEZIW�[MXL�KSSH�ERH�FEH�KVS[XL�GVMXIVME�MW�������ERH������	��8EFPI��
��8LMW�ZEPYI�MW�[MXLMR�
the criteria for normal carbon presence. According to Salisbury & Ross (1992), the range of carbon in the dry weight
SJ�TPERX�XMWWYI�GER�VIEGL���	��2MXVSKIR�QEOIW�YT�ETTVS\MQEXIP]����	�SJ�XLI�TPERX�FSH]��3FWIVZEXMSR�VIWYPXW�JSV�
corn with suƾcient N criteria ranged from 2.70-4.00%, P= 0.25-0.05% and K 1.70-3.00%. Meanwhile, soybeans
GER�VIEGL�IRSYKL�MR�XLI�VERKI�SJ�2������XS�������4LSWTLSVYW���������	��ERH�4SXEWWMYQ�EVSYRH���������	���4PERX�
Nutrition Manual) (Salak & Steinhilber, 2010). According to Salisbury & Ross (1992) the concentration of N in dry
XMWWYI�GER�VIEGL����	��4����	��ERH�/����	��[LMPI�GEVFSR�GER�VIEGL���	�SJ�XLI�HV]�[IMKLX�SJ�TPERX�XMWWYI�
8EFPI���WLS[W�XLEX�4��RMKVYQ��[MXL�KSSH�KVS[XL�LEW�PS[IV�2��4��ERH�/�XLER�PIEJ�XMWWYI�[MXL�TSSV�KVS[XL�GVMXIVME��
8LMW�MW�XLSYKLX�XS�FI�GEYWIH�F]�XLI�QSFMPMX]�REXYVI�SJ�XLIWI�RYXVMIRXW��2YXVMIRX�EREP]WMW�[EW�SRP]�GEVVMIH�SYX�SR�SPH�
PIEZIW�ERH�[EW�RSX�SFWIVZIH�SR�]SYRK�PIEZIW��3FWIVZEXMSRW�SR�SPH�PIEZIW�FEWIH�SR�XLI�QSFMPMX]�GLEVEGXIVMWXMGW�SJ�
dead nutrients are classi񯿿ed as mobile nutrients so that the initial symptoms will appear on old leaves (McCauley,
����
��7S��MX�MW�IWXMQEXIH�XLEX�RYXVMIRX�XVERWTSVX�HIXIVQMRIW�XLI�RYXVMIRX�GSRXIRX�MR�SPH�PIEJ�XMWWYI�XS�]SYRK�PIEZIW��
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[LMGL�EVI�VIPEXMZIP]�JEWXIV�XS�PIEJ�ERH�LEZI�KSSH�KVS[XL�GVMXIVME��/��TPE]W�E�VSPI�MR�WIZIVEP�TL]WMSPSKMGEP�JYRGXMSRW��
MRGPYHMRK�GSRXVSPPMRK�GIPP� KVS[XL�ERH�[SSH�JSVQEXMSR��\]PIQ�TLPSIQ�[EXIV�GSRXIRX�ERH�QSZIQIRX��RYXVMIRX�ERH�
metabolite transport, and stress responses (Sardans & Peñuelas, 2021). Soil nutrient conditions with good and bad
KVS[XL�GVMXIVME�[IVI�HIXIGXIH�XS�FI�ZIV]�PS[�
Many symptoms are similar; for example, nitrogen (N) and sulfur (S) de񯿿ciencies can vary depending on the location,
growth stage, and severity. Multiple symptoms of de񯿿ciency and poisoning (toxicity) can occur at the same time.
More than one de񯿿ciency or toxicity may produce symptoms, or one nutrient de񯿿ciency may occur due to excess of
another nutrient. For example, excess P can cause Zn de񯿿ciency. Types of plants, and even several varieties of the
same type, differ in their ability to display symptoms of de񯿿ciency and poisoning.
The role of nutrients N, P, and K play in almost all metabolic processes. As determined by its function, N inƽuences
plant growth rate and quality (Njira and JNabwami, 2015; Njirah, 2015). Phosphate (Pi) is an importantmacronutrient
for plant life. Several regulatory components involved in Pi homeostasis have been identi񯿿ed, showing great
GSQTPI\MX]�EX�XLI�GIPPYPEV�ERH�WYFGIPPYPEV�PIZIPW��(IXIVQMRMRK�XLI�4M�GSRXIRX�MR�TPERXW� MW�GVYGMEP�XS�YRHIVWXERHMRK�
XLMW�VIKYPEXMSR��/ERRS�IX�EP�������
��%�FEPERGIH�WYTTP]�SJ�IWWIRXMEP�RYXVMIRXW�MW�SRI�SJ�XLI�QSWX�MQTSVXERX�JEGXSVW�MR�
MRGVIEWMRK�GVST�]MIPHW��%�VIZMI[�SJ�XLI�RYXVMXMSREP�QEREKIQIRX�SJ�FPEGO�TITTIV�LEW�FIIR�GSQTVILIRWMZIP]�VIZMI[IH�
F]��7VMRMZEWER�IX�EP�������
�
4SXIRXMEP� JEGXSVW� XLEX�GER�GEYWI�TWIYHS�W]QTXSQW� MRGPYHI�HMWIEWI��HVSYKLX��I\GIWW�[EXIV�� EFRSVQEP�KIRIXMGW��
LIVFMGMHI� ERH� TIWXMGMHI� VIWMHYIW�� TIWX� EXXEGOW�� ERH� XLI� IJJIGX� SJ� WSMP� GSQTEGXMSR�� ,MHHIR� W]QTXSQW�� 4PERXW�
sometimes experience nutrient de񯿿ciencies without showing visual symptoms. Field symptoms that show different
from ideal (actual) symptoms. When tested in the 񯿿eld or controlled for the role of certain elements, many plants
HMH�RSX�TVSHYGI�XLI�I\TIGXIH�W]QTXSQW�

'32'097-32
24/�RYXVMIRXW�MR�ZIV]�KSSH�KVS[XL�GVMXIVME�LEZI�ER�2�XSXEP�SJ�����	��QIHMYQ
��4�3��EZEMPEFPI�MW�������QK�OK��LMKL
��
ERH�EZEMPEFPI�/�3�SJ�����QK�OK��ZIV]�PS[
��1IER[LMPI��TPERX�KVS[XL�[MXL�TSSV�KVS[XL�GVMXIVME�LEW�ER�2�XSXEP�GSRXIRX�
SJ�����	��0S[
��4�3��SJ�������QK�OK��0S[
��ERH�/���SJ�����QK�OK��ZIV]� PS[
��1IER[LMPI��TPERX�XMWWYI�[MXL�KSSH�
KVS[XL�GVMXIVME�LEW�ER�2�XSXEP�GSRXIRX�SJ�����	��4�XSXEP�SJ������TIVGIRX�ERH�/�XSXEP�SJ������TIVGIRX��1IER[LMPI��JSV�
4��RMKVYQ��[MXL�TSSV�KVS[XL��XLI�PIEJ�RYXVMIRX�GSRXIRX�SJ�2�XSXEP��4�XSXEP��ERH�/�XSXEP�[EW�����	������	��ERH�����	�
VIWTIGXMZIP]
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