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Effects of Different Germplasms and Leaf Ages on Amino Acid Formation
in Pigeonpea Leaves and Cluster Analysis
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Abstract: In order to understand the changes in amino acid contents of pigeonpea (Cajanus cajan) leaves, the
amino acid contents from 19 pigeonpea germplasms at 1-3-leaf-old were determined. The results showed that
there were 17 kinds of amino acids in leaves of all pigeonpea germplasms at different leaf ages. The contents of
threonine, isoleucine and lysine were the highest among the essential amino acids, with amounting to 0.67%,
0.70% and 0.48%, respectively, while those of serine, tyrosine and histidine were the highest among non-essential
amino acids, with amounting to 0.69%, 0.66% and 0.44%, respectively. Except lysine and alanine, the other 15
kinds of amino acids in the leaves of pigeonpea generally increased along leaf age. The contents of total amino
acids in the leaves were significantly different among different pigeonpea germplasms. Nineteen pigeonpea
germplasms could be divided into four types by cluster analysis, such as low amino acid type (1), medium amino
acid type (I1), medium and high amino acid type (l11) and high amino acid type (IV). Therefore, these would
provide a theoretical basis for the processing of high-quality leaf tea and breeding of high-amino acid varieties of
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pigeonpea.
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Table 1 Essential amino acid contents (%) in pigeonpea leaves

MR MR g WA EAM  RAARm R ESUE AR B
Germplasm Leafage  Threonine Valine Methionine Isoleucine Leucine Phenylalanine Lysine Total
MO01-2 1 0.66+0.02Bb  0.04+0.00Cc 0.01+0.00 0.25+0.01Cc 0.11+0.01Cc  0.18%+0.01Aa 0.72#0.02Aa  1.97+0.09Bb
2 0.6940.02Bb  0.07+0.00Bb 0.01+0.00 0.51+0.02Bb 0.134+0.01Bb 0.13+0.01Bb  0.59+0.03Bb  2.13+0.07ABb
3 0.77+0.03Aa 0.09+0.01Aa 0.01+0.00 0.78+0.03Aa  0.16+0.01Aa 0.12+0.01Bb  0.4740.02Cc = 2.40+0.12Aa
MO01-4 1 0.21+0.01Cc  0.02+0.00Cc 0.01+0.00 0.42+0.01Cc 0.12+0.01Bc  0.15+0.01Aa 0.77+0.02Aa  1.70+0.04Cc
2 0.41+0.01Bb  0.07+0.00Bb 0.01+0.00 0.610.02Bb 0.15+0.01Ab 0.13+0.01ABb 0.62+0.02Bb  2.00+0.04Bb
3 0.79+0.02Aa  0.09+0.01Aa 0.01+0.00 0.85+0.02Aa  0.17#0.01Aa 0.12+0.01Bc  0.50+0.02Cc  2.53+0.05Aa
M02-2 1 0.5540.02Cc  0.12+0.01Bb 0.01+0.00 0.91%0.04Aa  0.13+0.01Bb 0.1220.01Cc  0.65+0.03Aa  2.4930.10Aa
2 0.6540.01Bb  0.13+0.01Bb 0.024+0.00 0.86+0.02Aab 0.16+0.01Aa 0.17+0.01Bb  0.54+0.01Bb  2.53+0.05Aa
3 0.79+0.03Aa 0.17+0.01Aa 0.01+0.00 0.82+0.03Ab  0.16+0.01Aa 0.19+0.01Aa 0.50+0.02Bb  2.64+0.11Aa
M02-2-1 1 0.59+0.01Cc  0.26+0.01Aa 0.01+0.00 0.52+0.01Cc 0.12+0.01Bb 0.12+0.01Cc  0.44#0.01Aa  2.06+0.04Bb
2 0.64+0.02Bb  0.10+0.01Bb 0.01+0.00 0.690.02Bb 0.16+0.01Aa 0.14+0.01Bb  0.41+0.01ABb 2.15+0.07ABb
3 0.69+0.01Aa  0.06+0.00Cc 0.01+0.00 0.79+0.03Aa  0.15#0.01Aa 0.18+0.01Aa 0.38+0.01Bc  2.26+0.05Aa
MO02-2-4 1  083+0.03Aa 0.10+0.01Bb  0.014+0.00 0.53+0.02Cc  0.1740.01Cc 0.11+0.01Cc  0.63+0.02Aa  2.38+0.07Aa
2 0.71+0.03Bb 0.09+0.01Bb  0.02+0.00 0.61+0.03Bb  0.23+0.01Bb 0.17+0.01Bb  0.58+0.02Ab  2.41+0.10Aa
3 0.6740.01Bb 0.19+0.01Aa  0.02+0.00 0.74+0.02Aa  0.25+0.01Aa 0.19+0.01Aa 041+0.01Bc  2.47+0.05Aa
M02-2-6 1 0.87+0.02Aa  0.04+0.00Bb 0.01+0.00 0.67+0.01Bc 0.13+0.01Cc 0.11#0.01Bb  0.23+0.01Bb  2.06+0.04Bb
2 0.7440.02Bb  0.11+0.01Aa 0.01+0.00 0.7220.02ABb 0.16+0.01Bb 0.12+0.01ABab 0.24+0.01Bb  2.100.06Bb
3 0.73+0.03Bb 0.11+0.01Aa  0.01+0.00 0.77+0.03Aa  0.19+0.01Aa 0.13+0.01Aa  0.39+0.02Aa  2.33%0.10Aa
MO02-4 1 059+0.02Bc 0.10+0.01Bb  0.01+0.00 0.8240.03Aa  0.1740.01Cc 0.1240.01Cc  051+0.02Aa  2.32+0.09Aa
2 0644002Bb 0.11+0.01Bb  0.01+0.00 0.81+0.03Aa  0.19+0.01Bb 0.15+0.01Bb  0.44+0.02Bb  2.35+0.07Aa
3 0.72+0.02Aa  0.24+0.01Aa 0.02+0.00 0.650.01Bb 0.23+0.01Aa 0.19+0.01Aa 0.40+0.01Bc  2.45%0.05Aa
M02-6 1 0.58+0.01Bb  0.10+0.01Bb 0.01+0.00 0.64+0.02Bc 0.15+0.01Bc  0.12+0.01Cc  0.48+0.01Bc  2.08=+0.04Cc
2 0.61+0.02Bb  0.11+0.01Bb 0.01+0.00 0.710.02Bb 0.1940.01Ab 0.14%0.01Bb  0.55#0.02Ab  2.32+0.07Bb
3 0.74%0.03Aa 0.16+0.01Aa 0.02+0.00 0.85+0.04Aa  0.21+0.01Aa 0.16+0.01Aa 0.59+0.02Aa  2.7330.11Aa
MO02-7 1  06440.03Cc 0.05+0.01Bb  0.01+0.00 0.69+0.03Bb  0.18+0.01Aa 0.14+0.01Aa 0.61+0.03Aa 2.32+0.09Aa
2 0.76%0.02Bb 0.06+0.01Bb  0.01+0.00 0.794+0.03Aa  0.15+0.01Bb 0.12+0.01Bb  0.51+0.02Bb  2.40+0.07Aa
3 0.83+0.02Aa 0.08+0.01Aa 0.01+0.00 0.7620.02Aa  0.15+0.01Bb 0.11+0.01Bb  0.50+0.01Bb  2.4430.05Aa
M02-8 1 0.55+0.01Cc  0.03+0.00Cc 0.01+0.00 0.560.01Bb 0.16+0.01Bb 0.12+0.01Bb  0.55#0.01Aa  1.98+0.04Cc
2 0.6740.02Bb 0.09+0.01Bb  0.03+0.00 0.83+0.03Aa  0.17+0.01Bb 0.12+0.01Bb  0.53+0.02Aa  2.44+0.07Bb
3 0.84+0.03Aa 0.16+0.01Aa 0.0240.00 0.87+0.04Aa  0.1940.01Aa 0.22+0.01Aa 0.47+0.02Bb 2.77+0.11Aa
M02-10 1 07140.03Bb 0.1040.01Cc  0.014+0.00 0.76+0.03Bb  0.16+0.01Cc 0.12+0.01Bb  0.49+0.02Aa  2.35+0.10Aa
2 0.7340.02ABb 0.13+0.01Bb 0.01+0.00 0.80%0.03ABab 0.18+0.01Bb 0.13+0.01Bb  0.39+0.01Bb  2.3730.07Aa
3 0.79+0.02Aa 0.17+0.01Aa 0.01+0.00 0.84+0.02Aa  0.22#0.01Aa 0.15#0.01Aa 0.24#0.01Cc  2.42+0.05Aa
M02-12 1 0.4140.02Cc  0.08+0.01Bb 0.01+0.00 0.51+0.02Bc 0.19+0.01Aa 0.11#0.01Cc  0.53+0.02Aa  1.84=0.08Cc
2 053%0.02Bb 0.09+0.01Bb  0.01+0.00 0.7420.02Ab  0.17+0.01Bb 0.13+0.01Bb  0.50+0.02Aa  2.17+0.07Bb
3 0.71+0.02Aa 0.16+0.01Aa  0.02+0.00 0.80+0.02Aa  0.17+0.01Bb 0.17+0.01Aa 045+0.01Bb  2.48+0.05Aa
M02-13 1 0.65+0.03Bc  0.10+0.01Cc 0.01+0.00 0.35+0.01Cc 0.13+0.01Cc  0.16+0.01Aa 0.31+0.01Bb  1.71+0.07Cc
2 0.784+0.03Ab  0.13+0.01Bb 0.01+0.00 0.550.02Bb 0.15+0.01Bb 0.11+0.01Bb  0.49+0.02Aa  2.22+0.07Bb
3 0.84+0.02Aa 0.21+0.01Aa 0.01+0.00 0.77%0.02Aa  0.18+0.01Aa 0.11+0.01Bb  0.49+0.01Aa 2.61+0.06Aa
M02-17 1 0.58+0.02Bb  0.04+0.00Cc 0.014+0.00 0.78+0.02Aa  0.21+0.01Aa 0.1040.01Bb  0.42+40.02Aa 2.14+0.07Aa
2 0.62%0.03Bb 0.11+0.01Bb  0.01+0.00 0.79+0.03Aa  0.18+0.01Bb 0.12+0.01Aa  0.37+0.02Bb  2.20+0.09Aa
3 0.75+0.02Aa 0.18+0.01Aa  0.02+0.00 0.82+0.03Aa  0.17+0.01Bb 0.13+0.01Aa 0.21+0.01Cc  2.28+0.07Aa
M02-17-4 1 0.4240.02Cc  0.08+0.01Ab 0.01+0.00 0.61+0.03Cc 0.1440.01Cc 0.17+0.01Aa 0.85+0.03Aa  2.28+0.09Ab
2 0.57+0.01Bb  0.08+0.01Aab 0.01+0.00 0.71+0.02Bb 0.1940.01Bb 0.12+0.01Bb  0.63+0.01Bb  2.31+0.05aAb
3 0.66+0.02Aa  0.09+0.01Aa 0.01+0.00 0.85+0.03Aa  0.25+0.01Aa 0.12+0.01Bb  0.46+0.02Cc  2.44+0.08Aa
MO02-18 1 06140.02Cc 0.06+0.01Bb  0.014+0.00 0.734+0.03Aa  0.11+0.01Bb 0.13+0.01Bc  0.41+0.02Bb  2.06+0.08Bb
2 0.78+0.02Bb 0.08+0.01ABa 0.01+0.00 0.70+0.02Aa  0.13+0.01ABa 0.1940.01Ab  0.54+0.01Aa  2.43+0.05Aa
3 0.87+0.03Aa 0.09+0.01Aa 0.01+0.00 0.69+0.02Aa  0.13+0.01Aa 0.21+0.01Aa 0.54+0.02Aa  2.54+0.08Aa
M02-20 1 0.59+0.03Bb  0.08+0.01Cc 0.01+0.00 0.40%0.02Cc 0.14+0.01Bb 0.184+0.01Aa 0.51+0.02Aa  1.91+0.08Bc
2 0.63+0.03Bb  0.10+0.01Bb 0.02+0.00 0.58+0.02Bb 0.16+0.01Aa 0.17+0.01Aa 0.44+0.02Bb  2.10+0.09Bb
3 0.7940.03Aa 0.14+0.01Aa  0.01+0.00 0.82+0.03Aa  0.17+0.01Aa 0.13+0.01Bb  043+0.01Bb  2.49+0.08Aa
MO02-21 1 05140.01Cc 0.04+0.01Bb  0.014+0.00 0.5140.01Cc  0.16+0.01ABb 0.15+0.01Aa 0.48+0.01Aa  1.86+0.04Bb
2 0.6840.02Bb 0.05+0.01ABab 0.02+0.00 0.61+0.01Bb  0.17+0.01Aa 0.12+0.01Bb  043+0.01Bb  2.08+0.04Aa
3 0.77+0.03Aa 0.06+0.01Aa 0.024+0.00 0.73+0.02Aa  0.15+0.01Bb 0.12+0.01Bb  0.31+0.01Cc  2.160.07Aa
MO05-2 1 0.58+0.02Bc  0.08+0.01Aa 0.01+0.00 0.70%0.03Bc 0.1540.01Bb 0.11+0.01Bb  0.52+0.02Aa  2.15+0.09Bb
2 0.63%0.02Bb 0.09+0.01Aa  0.01+0.00 0.76+0.02Bb  0.16+0.01Bb 0.114+0.01Bb  0.49+0.02Aa  2.25+0.07Bb

w

0.71+0.02Aa  0.09+0.01Aa  0.01+0.00 0.85+0.02Aa  0.22+0.01Aa 0.16+0.01Aa  0.4420.01Bb  2.48+0.05Aa

n=3; F—FBFEANBIREFEKR NG F R RN 2R E % (P <0.01)FE3#(P<0.05). TEM.
n=3; Data followed different capital and small letters within column of the same germplasm indicate significant differences at 0.01 and 0.05 levels, respectively.

The same is following Tables.
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Table 2 Non-essential amino acid contents (%) in pigeonpea leaves

T - REAR 7R BER EENivy R Al
Germplasm Leaf age Aspartic acid Serine Glutamic acid Glycine Alanine Cystine
M01-2 1 0.15+0.01Bb 0.62+0.01Cc 0.13+0.01Bc 0.15+0.01Aa  0.22+0.01Aa 0.23+0.01Cc
2 0.16+0.01ABab 0.73+0.02Bb 0.15+0.01Bb 0.13+0.01Bb  0.17+0.01Bb 0.29+0.01Bb
3 0.17+0.01Aa 0.85+0.03Aa 0.20+0.01Aa 0.11+0.01Bc  0.14+0.01Cc 0.32+0.01Aa
M01-4 1 0.18+0.01Cc 0.43+0.01Cc 0.20+0.01Cc 0.17+0.01Aa  0.18+0.01Aa 0.26+0.01Bb
2 0.21+0.01Bb 0.68+0.02Bb 0.23+0.01Bb 0.12+0.01Bb  0.17+0.01aA 0.27+0.01Bb
3 0.25+0.01Aa 0.87+0.03Aa 0.25+0.01Aa 0.11+0.01Bb  0.14+0.01Bb 0.34+0.02Aa
M02-2 1 0.18+0.01Bb 0.50+0.02Cc 0.18+0.01Aa 0.10+0.01Ab  0.17+0.01Aa 0.26+0.01Bb
2 0.19+0.01Bb 0.61+0.01Bb 0.19+0.01Aab 0.10+0.01Ab  0.14+0.01Bb 0.28+0.01ABa
3 0.23+0.01Aa 0.86+0.03Aa 0.19+0.01Aa 0.11+0.01Aa  0.13+0.01Bb 0.29+0.01Aa
M02-2-1 1 0.20+0.01Bb 0.63+0.03Bb 0.18+0.01Bc 0.1140.01Bb  0.15%0.01Aa 0.23+0.01Bc
2 0.2520.01Aa 0.640.02Bb 0.210.01Ab 0.1240.01Bb  0.14+0.01ABab 0.2520.01ABb
3 0.26+0.01Aa 0.81+0.03Aa 0.24+0.01Aa 0.35+0.02Aa  0.13+0.01Bb 0.28+0.01Aa
M02-2-4 1 0.21+0.01Cc 0.45+0.02Cc 0.23+0.01Bb 0.10+0.01Cc  0.1540.01Aa 0.24+0.01Cc
2 0.23+0.01Bb 0.52+0.01Bb 0.24+0.01Bb 0.12+0.01Bb  0.14+0.01ABb 0.27+0.01Bb
3 0.25+0.01Aa 0.62+0.01Aa 0.27+0.01Aa 0.34+0.01Aa  0.13+0.01Bb 0.29+0.01Aa
M02-2-6 1 0.12+0.01Cc 0.65+0.02Bb 0.17+0.01Bb 0.11#0.01Bc  0.1540.01Aa 0.30+0.01Bc
2 0.14+0.01Bb 0.74+0.03Aa 0.21+0.01Aa 0.13+0.01Bb  0.13+0.01Bb 0.32+0.01ABb
3 0.16+0.01Aa 0.78 +0.02Aa 0.22+0.01Aa 0.31+0.01Aa  0.12+0.01Bb 0.34+0.01Aa
M02-4 1 0.25+0.01Bb 0.83+0.02Ab 0.21+0.01Bb 0.11#0.01Cc  0.1430.01Aa 0.25+0.01Ab
2 0.28+0.01ABa 0.89+0.03Aa 0.24+0.01Aa 0.13+0.01Bb  0.12+0.01Bb 0.26+0.01Aab
3 0.29+0.01Aa 0.92+0.04Aa 0.25+0.01Aa 0.35+0.01Aa  0.11+0.01Bb 0.27+0.01Aa
M02-6 1 0.19+0.01Ab 0.69+0.02Aa 0.22+0.01Bc 0.11#0.01Cc  0.16+0.01Aa 0.23+0.01Cc
2 0.20+0.01Aab 0.51+0.02Bb 0.26 +0.01Ab 0.13+0.01Bb  0.15+0.01ABab 0.31+0.01Bb
3 0.2130.01Aa 0.4340.02Cc 0.28+0.01Aa 0.17240.01Aa  0.14+0.01Bb 0.360.02Aa
M02-7 1 0.200.01Bb 0.5140.01Cc 0.2240.01Bb 0.1020.01Bb  0.160.01Aa 0.3520.02Ab
2 0.2540.01Aa 0.690.02Bb 0.2340.01Bb 0.1140.01Bb  0.1240.01Bb 0.360.01Ab
3 0.2430.01Aa 0.76+0.03Aa 0.28+0.01Aa 0.3540.01Aa  0.12240.01Bb 0.3940.01Aa
MO02-8 1 0.19+0.01Cc 0.500.01Cc 0.180.01Bb 0.1020.01Bb  0.1740.01Aa 0.3520.01Aa
2 0.2320.01Bb 0.670.02Bb 0.2240.01Aa 0.1140.01Bb  0.15240.01Bb 0.280.01Bb
3 0.2640.01Aa 0.7740.03Aa 0.2340.01Aa 0.2140.01Aa  0.13+0.01Cc 0.2140.01Cc
M02-10 1 0.15+0.01Cc 0.53+0.01Cc 0.15+0.01Cc 0.10#0.01Cc  0.1420.01Aa 0.23+0.01Bb
2 0.2120.01Bb 0.6520.02Bb 0.19240.01Bb 0.1430.01Bb  0.13+0.01ABa 0.2420.01Bb
3 0.2940.01Aa 0.76+0.02Aa 0.26+0.01Aa 0.2140.01Aa  0.1240.01Bb 0.380.01Aa
M02-12 1 0.16+0.01Bb 0.44+0.01Cc 0.16+0.01Cc 0.13+0.01Cc  0.1620.01Aa 0.42+0.01Aa
2 0.2640.01Aa 0.5340.02Bb 0.2340.01Bb 0.1840.01Bb  0.1340.01Bb 0.3720.01Bb
3 0.27+0.01Aa 0.80+0.02Aa 0.25+0.01Aa 0.31+0.01Aa  0.11+0.01Cc 0.23+0.01Cc
M02-13 1 0.13+0.01Bb 0.71+0.02Bb 0.17+0.01Bc 0.37+0.01Aa  0.1540.01Aa 0.27+0.01Cc
2 0.21+0.01Aa 0.76+0.03Bb 0.21+0.01Ab 0.1140.01Bb  0.14+0.01ABab 0.32+0.01Bb
3 0.22+0.01Aa 0.93+0.04Aa 0.23+0.01Aa 0.10+0.01Bb  0.13+0.01Bb 0.39+0.01Aa
M02-17 1 0.19+0.01Bc 0.61+0.01Bb 0.17+0.01Bb 0.15+0.01Cc  0.1540.01Aa 0.27+0.01Bc
2 0.23+0.01Ab 0.79+0.03Aa 0.18+0.01ABab 0.21+0.01Bb  0.1440.01Aab 0.33+0.01Ab
3 0.25+0.01Aa 0.81+0.03Aa 0.19+0.01Aa 0.34+0.01Aa  0.13+0.01Ab 0.35+0.01Aa
M02-17-4 1 0.15+0.01Bc 0.43+0.01Cc 0.25+0.01Aa 0.12+0.01Cc  0.1940.01Aa 0.40+0.01Aa
2 0.21+0.01Ab 0.53+0.02Bb 0.23+0.01Bb 0.14+0.01Bb  0.16+0.01Bb 0.37+0.01Ab
3 0.23+0.01Aa 0.71+0.03Aa 0.19+0.01Cc 0.25+0.01Aa  0.13+0.01Cc 0.32+0.01Bc
M02-18 1 0.19+0.01Bb 0.51+0.02Cc 0.24+0.01Aa 0.36+0.02Aa  0.17+0.01Aa 0.39+0.02Aa
2 0.23+0.01Aa 0.68+0.02Bb 0.21+0.01Bb 0.21+0.01Bb  0.16+0.01Aa 0.32+0.01Bb
3 0.2440.01Aa 0.7940.02Aa 0.1840.01Cc 0.1240.01Cc  0.12240.01Bb 0.2940.01Bc
M02-20 1 0.13+0.01Cc 0.630.02Cc 0.16+0.01Bb 0.33+0.01Aa  0.1820.01Aa 0.28+0.01Bb
2 0.180.01Bb 0.830.02Bb 0.2340.01Aa 0.1340.01Bb  0.1740.01Aa 0.2940.01Bb
3 0.2240.01Aa 0.9240.03Aa 0.24+0.01Aa 0.1240.01Bb  0.1520.01Bb 0.3420.01Aa
M02-21 1 0.22+0.01Bb 0.61+0.03Bc 0.20+0.01Bb 0.10+0.01Bb  0.18%0.01Aa 0.32+0.01Aa
2 0.2540.01Aa 0.7140.03Ab 0.2240.01ABa 0.1140.01Bb  0.160.01Bb 0.280.01Bb
3 0.25+0.01Aa 0.770.03Aa 0.23#0.01Aa 0.38+0.01Aa  0.12+0.01Cc 0.25+0.01Bc
M05-2 1 0.17+0.01Cc 0.82+0.02Ab 0.18+0.01Bb 0.2240.01Bc  0.1820.01Aa 0.23+0.01Cc
2 0.23+0.01Bb 0.85+0.03Aab 0.19+0.01Bb 0.36+0.01Ab  0.15+0.01Bb 0.33+0.01Bb
3 0.27+0.01Aa 0.89+0.04Aa 0.27+0.01Aa 0.38+0.02Aa  0.13+0.01Cc 0.41+0.02Aa
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43 (Continued)

Tt 5% iR HEIR FEER AN KA
Germplasm Leaf age Tyrosine Histidine Arginine Proline Total
M01-2 1 0.46+0.01Bc 0.38+0.01Cc 0.24+0.01Cc 0.13+0.01Bb 2.71+0.06Cc
2 0.61+0.02Ab 0.57+0.02Bb 0.33+0.01Bb 0.18+0.01Aa 3.32+0.10Bb
3 0.65+0.03Aa 0.70+0.03Aa 0.37+0.02Aa 0.19+0.01Aa 3.70+0.15Aa
MO01-4 1 0.55+0.02Bc 0.66+0.02Bc 0.11+0.01Cc 0.13+0.01Bc 2.87+0.09Cc
2 0.59+0.01Bb 0.75+0.02Ab 0.15+0.01Bb 0.20+0.01Ab 3.37+0.07Bb
3 0.66+0.03Aa 0.8140.03Aa 0.29+0.01Aa 0.22+0.01Aa 3.94+0.16Aa
M02-2 1 0.52+0.02Bc 0.12+0.01Cc 0.19+0.01Aa 0.11+0.01Cc 2.3340.07Cc
2 0.57+0.01Bb 0.3940.01Bb 0.13+0.01Bb 0.13+0.01Bb 2.73+0.06Bb
3 0.65+0.02Aa 0.43+0.01Aa 0.13+0.01Bb 0.17+0.01Aa 3.19+0.10Aa
M02-2-1 1 0.59+0.03Bb 0.32+0.01Bc 0.21+0.01Aa 0.13+0.01Bb 2.75+0.11Bc
2 0.65+0.02ABa 0.52+0.02Ab 0.15+0.01Bb 0.17+0.01Aa 3.10+0.10Bb
3 0.69+0.03Aa 0.57+0.02Aa 0.12+0.01Cc 0.18+0.01Aa 3.63+0.15Aa
M02-2-4 1 0.63+0.02Cc 0.23+0.01Cc 0.13+0.01Cc 0.15+0.01Bb 2.52+0.08Cc
2 0.72+0.02Bb 0.36+0.01Bb 0.15+0.01Bb 0.16+0.01Bb 2.91+0.06Bb
3 0.78+0.02Aa 0.66+0.02Aa 0.18+0.01Aa 0.35+0.01Aa 3.87+0.08Aa
M02-2-6 1 0.60+0.02Bb 0.46+0.01Bc 0.12+0.01Cc 0.17+0.01Cc 2.85+0.09Cc
2 0.68+0.03Aa 0.51+0.02Bb 0.44+0.02Bb 0.29+0.01Bb 3.59+0.14Bb
3 0.69+0.02Aa 0.65+0.02Aa 0.64+0.02Aa 0.37+0.01Aa 4.28+0.13Aa
MO02-4 1 0.63+0.02Bb 0.29+0.01Bb 0.50+0.01Cc 0.14%0.01Cc 3.3540.07Cc
2 0.69+0.02ABa 0.3140.01Bb 0.59+0.02Bb 0.28+0.01Bb 3.79+0.11Bb
3 0.72+0.03Aa 0.41+0.01Aa 0.65+0.03Aa 0.33+0.01Aa 4.30+0.17Aa
M02-6 1 0.64+0.01Bb 0.14+0.01Bc 0.68+0.01Aa 0.20+0.01Bc 3.26+0.07Aa
2 0.79+0.03Aa 0.20+0.01Ab 0.61+0.02Bb 0.23+0.01Ab 3.39+0.10Aa
3 0.81+0.03Aa 0.22+0.01Aa 0.55+0.02Cc 0.25+0.01Aa 3.42+0.14Aa
MO02-7 1 0.59+0.01Bb 0.26+0.01Bb 0.17+0.01Cc 0.15+0.01Bb 2.71+0.11Cc
2 0.68+0.02Aa 0.42+0.01Aa 0.26+0.01Bb 0.25+0.01Aa 3.37+0.10Bb
3 0.69+0.03Aa 0.44+0.02Aa 0.38+0.01Aa 0.26+0.01Aa 3.914+0.16Aa
MO02-8 1 0.79+0.02Aa 0.36+0.01Bb 0.27+0.01Aa 0.10+0.01Ab 3.01+0.06Aa
2 0.73+0.02Bb 0.38+0.01Bb 0.17+0.01Bb 0.10+0.01Aab 3.04+0.09Aa
3 0.63+0.03Cc 0.43+0.02Aa 0.14+0.01Cc 0.11+0.01Aa 3.1240.13Aa
MO02-10 1 0.56+0.01Cc 0.33+0.01Cc 0.16+0.01Cc 0.11+0.01Bb 2.46+0.05Cc
2 0.64+0.01Bb 0.46+0.01Bb 0.20+0.01Bb 0.12+0.01Bb 2.98+0.06Bb
3 0.71+0.02Aa 0.53+0.02Aa 0.29+0.01Aa 0.194+0.01Aa 3.74+0.11Aa
M02-12 1 0.89+0.02Aa 0.21+0.01Cc 0.25+0.01Ab 0.12+0.01Cc 2.94+0.08Bc
2 0.71+0.03Bb 0.41+0.01Bb 0.26+0.01Aab 0.16+0.01Bb 3.2440.13Bb
3 0.60+0.01Cc 0.65+0.01Aa 0.27+0.01Aa 0.37+0.01Aa 3.86+0.08Aa
M02-13 1 0.51+0.02Bb 0.21+0.01Cc 0.21+0.01Aa 0.12+0.01Aa 2.85+0.09Bb
2 0.54+0.02Bb 0.31+0.01Bb 0.14+0.01Bb 0.13+0.01Aa 2.87+0.12Bb
3 0.66+0.03Aa 0.35+0.02Aa 0.13+0.01Bb 0.13+0.01Aa 3.27+0.13Aa
MO02-17 1 0.61+0.01Bb 0.32+0.01Cc 0.17+0.01Bc 0.12+0.01Bb 2.76 +0.06Cc
2 0.67+0.02Aa 0.39+0.01Bb 0.25+0.01Ab 0.14+0.01Aa 3.33+0.10Bb
3 0.71+0.03Aa 0.48+0.02Aa 0.27+0.01Aa 0.15+0.01Aa 3.68+0.15Aa
M02-17-4 1 0.71+0.02Aa 0.16+0.01Cc 0.12+0.01Cc 0.16+0.01Bc 2.69+0.06Bb
2 0.62+0.02Bb 0.24+0.01Bb 0.17+0.01Bb 0.18+0.01Bb 2.85+0.09Bb
3 0.60+0.03Bb 0.41+0.02Aa 0.25+0.01Aa 0.23+0.01Aa 3.32+0.13Aa
M02-18 1 0.75+0.03Aa 0.52+0.02Bc 0.18+0.01Cc 0.15+0.01Bb 3.46+0.14Aa
2 0.73+0.02Aa 0.57+0.02ABb 0.25+0.01Bb 0.17+0.01Aa 3.53+0.11Aa
3 0.58+0.01Bb 0.61+0.01Aa 0.48+0.01Aa 0.18+0.01Aa 3.59+0.07Aa
M02-20 1 0.53+0.01Bc 0.54+0.01Bb 0.31+0.01Cc 0.11+0.01Cc 3.20+0.07Cc
2 0.65+0.02Ab 0.68+0.02Aa 0.36+0.01Bb 0.13+0.01Bb 3.65+0.08Bb
3 0.70+0.02Aa 0.71+0.02Aa 0.39+0.01Aa 0.16+0.01Aa 3.9540.12Aa
M02-21 1 0.76 +0.03Aa 0.45+0.02Bb 0.15+0.01Cc 0.13+0.01Cc 3.12+0.13Bc
2 0.70+0.03Ab 0.50+0.02ABa 0.21+0.01Bb 0.28+0.01Bb 3.42+0.14ABb
3 0.58+0.02Bc 0.51+0.02Aa 0.33+0.01Aa 0.36+0.01Aa 3.78+0.12Aa
M05-2 1 0.64+0.01Bc 0.53+0.01Cc 0.45+0.01Bb 0.12+0.01Cc 3.5440.07Cc
2 0.72+0.02Ab 0.61+0.02Bb 0.57+0.02Aa 0.16+0.01Bb 4.17+0.13Bb
3 0.77+0.03Aa 0.68+0.03Aa 0.59+0.03Aa 0.22+0.01Aa 4.61+0.19Aa
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Fig. 2 Cluster analysis of pigeonpea leaf based on amino acid content
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Table 3 Amino acid content (%) of four types of pigeonpea

SR ZKA Type
Amino acid 1 1I il \Y
FE R Threonine 0.690.08 0.610.09 0.7240.06 0.650.01
AN Valine 0.1220.03 0.09+0.04 0.09:+0.02 0.1240.04
FEZ R Methionine 0.0140.01 0.0120.00 0.01+0.00 0.01+0.00
S Isoleucine 0.72+0.11 0.65+0.09 0.700.06 0.77+0.01
FER Leucine 0.180.03 0.160.02 0.160.02 0.1920.01
KA Phenylalanine 0.15+0.01 0.1430.01 0.14+0.03 0.14+0.01
AR Lysine 0.51+0.10 0.48+0.12 0.47+0.10 0.47+0.02
RAZFR Aspartic acid 0.2140.02 0.2240.03 0.1920.04 0.250.04
25 Serine 0.640.09 0.690.05 0.670.09 0.870.02
HE Glutamic acid 0.210.02 0.200.03 0.2240.02 0.2240.01
H%# Glycine 0.16+0.03 0.18+0.04 0.19+0.03 0.26+0.08
AR Alanine 0.150.01 0.1520.02 0.1520.02 0.1420.02
JIR& i Cystine 0.300.04 0.2940.03 0.3240.03 0.29:0.04
E&&R Tyrosine 0.640.06 0.65+0.06 0.68+0.05 0.70+0.02
%8 Histidine 0.35+0.07 0.51+0.12 0.46+0.18 0.48+0.19
AR Arginine 0.180.03 0.2340.05 0.3940.13 0.56+0.03
%L Proline 0.15+0.04 0.190.04 0.2140.06 0.21+0.06
DFEIERL Essential amino acid 2.38+0.12 2.14+0.07 2.29+0.11 2.33+0.06
e FEHEEE Non-essential amino acid 2.99+0.13 3.3140.10 3.480.12 3.96+0.21

SR Total 5.370.13 5.440.07 5.77+0.06 6.30+0.15
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