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Table 1 Correlation analysis of agronomic traits with dry matter accumulation in roots,
stems, leaves, and panicles of C. quinoa at different growth stages

EMRICERAL e gy PR ppe o MR s ss wm

_ him M . .
=Y
13;11:1 dtj; Plant  Stem 1:_/32:1 1:_/52:1 Leaf Leaf Nu:)nber Branch First effective (I)\?;:tﬂejrearl Root  Stem Leaf
height diameter length diameter length  width branches length panicle height roofs weight weight weight
ZEH Stem diameter 0.218
K Main root length 0.206  0.155
T 0.360" 0.610™ 0.246"
Main root diameter
K Leaf length 0.859™ 0.054 0.106 0.396"
58 Leaf width 0.795 0.094 0.152 0396" 0.947"
A 0.537" 0.264" 0.034 0362 0.730 0.806"
Number of branches
Zr#K Branch length ~ 0.648™ 0.468™ 0.213  0.423™ 0.702" 0.680" 0.285"
AT A
ﬁ. ﬁxﬂl’ﬁ?{i . 0.013 -0.211 -0.024 -0.234" -0.416™ -0.514™ -0.272" -0.203
First effective panicle
height
MR % 0.322* 0.423™ 0.115 0482 0201 0226 0252° 0325  -0.106
Number of lateral roots
HRH Root weight 0.498™ 0.529" 0.137 0.630™ 0.571" 0.543™ 0.474™ 0.418™ -0.291™ 0.533™
ZXH Stem weight 0.624™ 0.646™ 0.206 0.621" 0.710" 0.659™ 0.296™ 0.836™ -0.218 0477 0.609™
2 Leaf weight -0.224 0.171 -0.014 0354 -0.113 -0.079 0.018 -0.272" -0.117 0.165 0271 -0.142

P Panicle weight ~ 0.366™ 0.453" 0314 0320 0.734” 0.672" -0.040 0.678"  -0.098 0.284"  0.230° 0.785™ -0.602"
€9 SR RIFRIRTE P <0.01 Fl P <0.05 AKFIER R E AR E M.

“*” and “*” indicate extremely significant correlation and significant correlation at P < 0.01 and P < 0.05 levels, respectively.
JR R B R IR N P B R R T REE . 4K 80~100d I, FHFEA
EMBEHTYRMBNES SR THRA SR BRI, TYRRRESHEKERE. WTY5R
AL (K2 ME 1D, HE “S” B, MREMAK KRR % BTG FREES, 80 d
EFYFR R EAAK 60~70 d e, Setkt REmeE, 92284 gitk. MR RERAEK
VIR A 2R — 3, BAEEK 90~100 d B, T4 REUII IR Rk
R2 BREBRMAEIALTYIRRRNS

Table 2 Dynamics of dry matter accumulation in single C. guinoa plant and different plant parts

K AR/ (.g/ﬁi) SHALKE  HEmEXR o 6}.@63’3
Fsy Dry matter accumulation (g/plant) (k) Stage Distribution rate (%)
Growth i S s i otk Daily growth of  accumulation e =% s i
days (d) Root Stem Leaf Panicle Whole plant whole plant (g/plant)  rate (%) Root Stem Leaf Panicle
50 8.05+0.76 24.46+2.21 16.27+£1.52 5.29+0.87 54.06+4.80 1.08 32.47 14.88 4525 30.09 9.78
60 10.94+1.03 29.15+2.61 13.52+1.44 8.95+0.81 62.56+5.53 0.85 5.11 17.49 46.59 21.60 1431
70 18254391 53.10+6.48 15.13+2.11 16.13+1.29  102.62+12.79 4.01 24.06 17.79 51.74 1475 15.72
80  22.84+3.07 57.84+6.21 11.77+1.82 20.52+2.50 112.98+12.12 1.04 6.22 20.22 51.20 10.42 18.17
90  19.53+4.43 72.38+3.96 10.96+1.12 31.10+1.26  133.98+10.06 2.10 12.61 14.58 54.02 8.18 2321
100 18.10£3.15 67.1343.37 3.84+1.09 56.70+3.94  145.76+9.33 1.18 7.08 12.42 46.05 2.63 38.90
110 12.8541.57 75.76+8.47 2.45+0.71 67.33£7.11 157.65+16.84 1.19 7.14 8.15 48.06 155 4271
120 14.58+2.35 78.73+9.60 - 73.18+10.20 166.48+20.86 0.88 5.30 876 4729 — 4396

AEAEKIAS A TR SR 2MAFE  SRSEENE S, WHAKRBER AT
th (R 2) o MTWHAEES HRREME—E Bk h, AR RE 90 d I L2 AR, N 54.02%.
B AR R B RS B E FRERES, DAKRE MR o REE KRR TRas, KRR
80 d M BL R M, N 2022%. ETYHAEE  50d N EEE R, N 30.09%. MfET4 5 7Bl
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Fig.1 Dynamics of dry matter accumulation in different parts
of a single C. quinoa plant at various growth stages
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Fig.2 Dynamics of N, P, and K accumulation
in C. quinoa at different growth stages
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Fig.3 Dynamics of N accumulation in roots, stems, leaves,
and panicles of C. quinoa at different growth stages
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Fig.4 Dynamics of P accumulation in roots, stems, leaves,
and panicles of C. quinoa at different growth stages
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Fig.5 Dynamics of K accumulation in roots, stems, leaves,
and panicles of C. quinoa at different growth stages
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Study on the Growth Characteristics and Dynamic Changes of
Nutrient Absorption and Distribution in Quinoa

He Guiging, Li Zhaoguang, Yuan Wenjue, He Qiongji, Yang Wengao,
Li Yan, Wang Rui, Ye Lei, Hou Zhijiang

(Institute of Alpine Economic Plants, Yunnan Academy of Agricultural Sciences, Lijiang 674100, Yunnan, China)

Abstract Field sampling of quinoa (Chenopodium quinoa) was conducted at different growth stages to measure
changes in major agronomic traits, dry matter accumulation, and nutrient element content. The results indicated
that dry matter accumulation in quinoa followed an S-shaped curve, with a critical period between 60 and 90
days after emergence. There were significant differences in the dry matter allocation ratio and nutrient uptake
rates among different parts of quinoa (roots, stems, leaves, panicles) at various growth stages. Notably, the uptake
of nitrogen (N), phosphorus (P), and potassium (K) peaked between 60 and 80 days of growth, with K having the
highest absorption rate, followed by N, and then P, at a ratio of 4.88:1.00:11.00. The distribution of nutrients in
quinoa exhibited dynamic change regularity over time, and nutrients were mainly concentrated in leaves and
stems during the early growth stage and shifted more towards the panicles in the later stage. Additionally, the
agronomic traits of quinoa were also found to be significantly correlated with dry matter accumulation. Root
weight, stem weight and panicle weight were positively correlated with plant height, stem diameter and leaf
length.

Key words Chenopodium quinoa; Agronomic trait; Dry matter accumulation; Nutrient uptake; Dynamic change
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