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Abstract: The study of biomass accumulation and distribution is of great significance to
understand the mechanisms of crop yield formation. ‘ Fengdan’ is a new woody oilseed crop
originated from Paeonia ostii T. Hong et J. X. Zhang, though its production mechanism
remains unclear. In the study, destructive sampling was applied to test the seasonal variations
in biomass accumulation and allocation of different organs of ‘Fengdan’ plant in an annual
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cycle between different aged populations and under different shading treatments. Plant
biomass of each age and each organ varied in different seasons and reached the highest
levels during the mature fruit stage. Total biomass increased with tree age, whereas the
relative growth rate displayed the reverse tendency. Biomass allocation of plant parts changed
in different stages; the roots and stem exhibited the highest values during bud dormancy,
whereas the highest value in the leaf occurred at the mature fruit stage. The reproductive
allocation was only 3.24% — 6.85% of total biomass, but this increased with age (fruit biomass
was (7.74 £ 0.31)g/plant for a 4-year-old fruit, but (26.81 = 0.44) g/plant for an 8-year-old
fruit) . Total assimilation in the annual cycle ranged from 161.21 g to 232.34 g and the seed
harvest index was 2.71% - 6.87%, which was positively correlated with tree age (R? =
0.8178). Under shading treatments, the biomass of the root, stem, leaf, or whole plant
decreased slightly, but the reproductive biomass and harvest index increased significantly to
3.66 g per plant and 389.36%, respectively, under 30% shading treatment. These findings
demonstrate that the source-sink relationship in the ‘Fengdan’ plant changed dynamically
over the annual cycle, tree age had a significant effect on biomass allocation and yield, and
moderate shading may be more suitable for growth.

Key words: Biomass allocation; Harvest index; Tree age; Shading treatment; ‘Fengdan’
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HHETINT 5.11 ~40.50 g, H 4 W4 AR 3 KB
(294%), 8GR T 5% L4 (%2), 2EYH

x1 A EMERRSERAESN

Table 1 Multivariate analysis of the biomass accumulation of the ‘Fengdan’ plant
W (g) AR (g) HRKE(%)
AES af Biomass Biomass accumulation Growth rate
Factor o
P F P F P
¥Rl Tree age 2 30.69 < 0.00001 73.85 < 0.00001 4.79 0.0099
K HWHE Development period 3 61.21 < 0.00001 0.01 0.9851 6.4 0.0023
Rt x X EF I Tree age x Development period 6 1.09 0.3717 0.92 0.4554 8.94 < 0.00001
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Fig. 1 Total biomass in the ‘Fengdan’ e
plant at different developmental stages HERPRVE T IIARBRAT) | IRIRIS) R/T fELECK (4 4F
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Table 2 Net biomass increase and growth rate of the ‘Fengdan’ plant
S PEREELY/h s A WA= ENaR7/hs ENAR7/h5s
L7 SUE3 HEKE(g) A STES HKHE(g) R KA (g) R
Tree age Total biomass Total biomass Root biomass Root biomass Stem biomass Stem biomass
growth growth rate growth growth rate growth growth rate
44 4a 60.03 +5.67 b 321% + 16% a 40.50 + 4.80 a 294% + 14% a 771 +£231c 16% + 18% b
6 44k 6a 69.50 +7.13a 118% +8% b 2258 +2.95b 48% + 2% b 36.31 +3.69 b 325% + 15% a
8 4F4: 8a 71.21 £6.01 a 42% + 3% C 511 +£086¢c 5% +1% C 50.53 + 1.66 a 89% + 3% C

T RPEIEE T+ ARUERR, FISVEE R AR/ NG FRERIRALBIEITE P < 0.05 /K By 225 W3, TR,
Note: All data in the table are average values + SD. Values with the different case letters indicate significant differences at the
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Fig. 2 Accumulation dynamics of biomass in different organs of the ‘Fengdan’ plant
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Table 3 Biomass allocation of various organs in the ‘Fengdan’ plant
PRI AR R EC E i 43 Fe BB B Ho L5 4B
Plant age Development period R/T S/T /T RMR VOR A/T
74.02% + 25.98% + . 25.98% +
FRARHA Bud dormancy 5 15% 5 159% 0 0 100% > 15%
JEM Flowerin 57.17% = 20.10% = 19.06% + 3.66% = 96.34% = 42.83% +
4 ’ 9 0.51% 0.54% 0.53% 0.08% 0.08% 0.51%
4a LI Fruit mature 34.32% + 7.80% + 53.58% + 4.30% =+ 95.70% + 65.68% +
0.17% 0.12% 0.36% 0.15% 0.15% 0.17%
- 81.22% + 18.78% = 18.78% =
- H %
7111 Defoliation 0.96% 0.96% 0 0 100% 0.36%
80.86% + 19.14% =+ . 19.14% =+
FRERHA Bud dormancy 0.47% 0.47% 0 0 100% 0.47%
JEI1 Flowerin 47.99% +  30.52% = 18.07% = 3.42% =+ 96.58% + 52.01% =
6 41 ’ 9 0.28% 0.61% 0.30% 0.29% 0.29% 0.28%
6a N 35.88% + 14.15% + 45.38% = 4.59% = 95.41% = 64.12% =
" . . + . + A + . + A + . +
A Fruit mature 0.12% 0.09% 0.17% 0.09% 0.09% 0.12%
. - 59.56% + 40.44% + 40.44% +
&[T OO
7% 14 Defoliation 0.57% 0.57% 0 0 100% 037%
. 66.53% + 33.47% + o 33.47% +
{RHRS Bud dormancy 0.129% 0,125 0 0 100% 0.12%
JEM1 Flowerin 57.63% + 28.56% + 10.56% = 3.24% =+ 96.75% + 42.37% =
8 ji ’ 9 0.20% 0.14% 0.07% 0.15% 0.15% 0.20%
a
N . 55.39% = 26.20% = 11.56% + 6.85% = 93.15% = 44.61% =
A
ARAM Fruit mature 0.07% 0.15% 0.08% 0.09% 0.09% 0.07%
- 52.43% + 47.57% + 52.43% +
FEI %
&1 Defoliation 0.26% 0.26% 0 0 100% 0.26%
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Fig. 3 Distribution of biomass in different organs of the ‘Fengdan’ plant at different growth stages
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1 G5 kPP AR H5 A5 2 32 E RAE  n A 48 i AR A
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PR, T AR AE T D R RT B i A AR
PR 5, AR EE, LI RE . &
1| BT BE 45 A 1Y 43 BC B 451 B 52 g R 7 1) £
B, RER BURH B 1 i ke 2 e SR P B B T 24 =
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T AR A7 SRV A AL B, 2 IR % R0 36 1 Ak B0 7
A RO

x4 R WIRIEH

Table 4 Harvest index of various organs in the ‘Fengdan’ plant

i Ffe B (g) 7R GUSRIE/ S e R PR e/
Tree age Total assimilation Biomass of seeds HI of seeds Biomass of fructification HI of fructification
4 4 4a 161.21 £ 1.03 ¢ 437 £0.18 ¢ 2.71% = 0.10% ¢ 7.74 £+ 031 c 4.80% = 0.17% ¢
6 44 6a 23234 £ 1.04 a 8.99 £+ 0.26 b 3.87% +0.12% b 13.37 £+ 0.27 b 5.76% + 0.13% b
8 44k 8a 220.63 + 0.90 b 15.16 £ 0.25 a 6.87% = 0.09% a 26.81 £ 0.44 a 12.15% + 0.16% a
x5 GEWEN R EYERENME
Table 5 Effects of shading on biomass in the ‘Fengdan’ plant
BAVE YR Organ biomass(g)
AbER MY
Treatment A Y A Py i R P Ry Mtotal
Mroot Mstem Mieaf Mrepro Dseed Dshell
XTHE CK 3480 +103a 1432 +162a 818+084a 199 +010b 094 +£009b 105+007b 59.29 +3.43a
—JZHEFH
’ 2629 +1.25b 1242 +0.70b 973 +055a 879 +060a 460+030a 419+027a 5723 +301a
One layer of shading
A

Two layers of shading

2609 +086c 7.22+037c 560=x046Db

137 +0.15b 056 +007b 081 +005b 4029 £257b

0.08
0.07 s
0.06 -
0.05r
0.04

0.03

SERIE%5 HI (%)

w0
.

y=0.0579In(x) - 0.0567
R?=0.8718

= 0.02r
0.01r
0

5 4 5 o 7 8 9
¥Ei  Tree age (a)
B4 ‘R HRIREWIREBLR
Fig. 4 Relationship between plant age
and harvest index of the ‘Fengdan’ plant
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