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Phaseolus vulgaris root system formation in chestnut soil

SONG Jin-hui'", HAN Yun-jie*", ZHANG Ji-zong", WANG Zhi-hui', ZHANG Li-feng”, LI Hui-bin’
1. College of Agriculture and Forestry, Hebei North University, Zhangjiakou 075000, China; 2. College of Agronomy, Hebei
Agricultural University, Baoding 071200, China

Abstract: Precision water and fertilizer management in farmland when water 1s scarce needs to take account of the
development patterns of the crop root system within the soil and over time. Here, Phaseolus vulgaris root biomass,
length, surface area, volume and diameter was monitored in two differing light loamy or sandy chestnut soil fields at
different growth stages using stratified excavation to extract root samples and image analysis techniques to quantify
root parameters. The results showed that the root biomass of P. wulgaris in the two fields was similar, and roughly
divided into three stages: slow growth, linear growth and slow decline. The linear growth period was from the initial
flowering stage to the full pod stage. At this stage, the daily growth rates of fresh and dry weight of P. wvulgaris root

-1

systems were 2.46 and 0.24 g-2 plants™' in light loamy chestnut soil fields, while they were 1.79 and 0.20 g-2
plants ' in sandy chestnut soil fields. The root system parameters, such as root length, surface area and volume,

were all positively correlated with root fresh and dry weight. From a vertical distribution perspective, the root
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distribution of P. wulgaris in sandy chestnut soil was shallower than in loamy chestnut soil. In the sandy soil, more
than 82. 68% of the roots were distributed in the 0—30 cm soil horizon. In the light loamy soil, more than 86. 24 %
of the roots were distributed in the 0—60 cm soil horizon, after the initial pod stage. From a lateral distribution
perspective, over 77% of the P. wvulgaris root systems in light loamy chestnut soil were distributed within a 30 ¢cm
radius on both sides of the plant during the entire growth period, while the proportion of root systems in sandy
chestnut soil showed a decreasing trend with growth development, and decreased to over 66 % at the end of podding.
The contour map of the root systems showed that, P. wulgaris roots in light loamy chestnut soil exhibited narrow and
deep placement, while in sandy chestnut soil placement was wide and shallow. This research lays a foundation for
development of innovative and efficient water and fertilizer utilization technology for P. wvulgaris in the Bashang area.

Key words: stratified excavation; drip irrigation; Phaseolus vulgaris; root system; spatiotemporal distribution
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O, 7K 75 1] BURE 55 BF 2 100 em, 45 20 em — B 1 Table 1 Tested soil types and physical properties
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ST U O A TR T R K U R AR - o STV S
P th L 9 25 AR 25 9 4 A S L 2 T K 46 0% o - R Sot ol
TARR FRE ALY R 6T, 25 A B A, F 9 _— s £ 4B Soil compaction
552 Fl ScanMarker 1800 plus 44X (T M ) F 5 il 4% 30~40 1.4 + 48 % 52 Soil compaction
Ji . H WinRHIZO # & 70 Mt R e 4k B R KB 3R T 40~50 1.3 + 492 52 Soil compaction
R FAR R R SEHR . RE R R E Tt 50~60 1.1 M), b HE %5 Black
A 105 CAE 15 min, 80 “CHEEfHE , FRH T8 . M soil layer, soil compaction
ARL IR I 0 e M 5 T L SR R0 6070 L2 IR AR Black

soil layer, soil compaction

K58 8 IE 2B, K=0. 5148 5 M |3 T 5 (4t
TR RIM R ) . He Mpg dhbr e, St R = 5 A, 1

70~80 1.4 B2, 5550 Black

soil layer, soil compaction

/\*ﬁ @ Eﬂ‘/ﬁﬁ E/‘J EE % in ° 1{Eﬁ H:‘ jj 1:E /% q: i 5 iﬂ‘j‘J: V033 T B4 + Sandy loamy chestnut soil
BB Y OAE R T 0 i R R +2 HE R
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Table 2 Cumulative dynamics of P. vulgaris’s root and above—ground biomass in light loamy chestnut soil

W00 H

AL

Y % fif F Fresh root weight

H & T 5 Root dry weight

Date of collection Growth stage gy He 4 T L, £51)
(J1-H Month-day) Weight (g-2 plant ') Percentage (%)  Weight (g-2 plant ') Percentage (%)
07-01 Jth & 1 Sprouting stage 29.2540. 19f 27. 80 1.891+0. 08g 19. 67
07-08 I 4E M Initial flowering stage 31.3840. 24f 29.82 2.42140. 09f 25.18
07-16 JEKAEW] Full flowering stage 63.7740. 54e 60.61 5.093+0. 08e 52.97
07-23 453299 ) Initial podding stage 82.76=+0.96d 78.65 6.999+0. 13d 72.80
07-31 45 JE R Early podding stage 101. 33+1.45b 96. 30 8.193+0. 11c 85. 22
08-07 25 JE 353 Full podding stage 105.22+1.11a 100. 00 9.614+0.09a 100. 00
08-14 453£ )5 11 Late podding stage 89.150. 86¢ 84.73 9.08240. 09b 94. 47
08-21 252K W] Last podding stage 83.3440.51d 79.21 9.005+0.05b 93.67
W H EEN=Ring I T FH Leaf area M I #BF & Shoot dry weight
Date of collection Growth stage T A He 49l Eigy H f4i]
(A -H Month-day) Area (cm®+2 plant ')  Percentage (%)  Weight (g-2 plant ') Percentage (%)
07-01 Jih £ 1] Sprouting stage 614.9+10. 56¢ 3.28 6.12+0.07h 2.64
07-08 ¥I4E ] Initial flowering stage 1727.0+13.07f 9.22 12.26+0.11¢g 5.30
07-16 AL Full flowering stage 5207.1+98.57e 27.80 43.09+0. 75f 18.62
07-23 25 JE413Y] Tnitial podding stage 6355. 7+£82. 30d 33.93 56.4740. 94e 24.40
07-31 4531 ) Early podding stage 12727.9+78. 61c 67.96 98.2240.93d 42.45
08-07 25 32 353 Full podding stage 12621.0+93. 19¢ 67. 30 115.8540. 87¢ 50. 06
08-14 45355 11 Late podding stage 15780. 52 37. 93b 84.25 181. 03+ 1. 20b 78.23
08-21 25 AR W Last podding stage 18729.6+112. 14a 100. 00 231.40+0. 81a 100. 00

AR INE B 3 R 6] — 48 b 78 AS ) A & 0] 8] 22 5% & 3% (P<<0. 05), R[], Different lowercase letters indicate significant differences of the same index

among different growth stages (P<Z0.05), the same below.
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above-ground biomass in light loamy chestnut soil
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Table 3 Dynamic change of P. vulgaris’s root related indexes in light loamy chestnut soil

W F A F BRI R e B R R BRI i
Date of collection Growth stage Root length Root surface area Root volume Roots average diameter
(A -H Month-day) (em-2 plant ") (cm®+2 plant ') (cm’+2 plant ') (mm-2 plant ")

07-01 % 1 Sprouting stage 10886. 324105. 53g 1553.95+30. 88h 25.49+0. 14h 0.46+0.006d
07-08 WIAEH] Initial flowering stage 14862.51+£72. 65f 2074.69+47.51¢g 32.80+£0. 23g 0.4940.010bc
07-16 AW Full flowering stage 28659. 71+54. 42¢ 4356.51450. 16f 72.27+0. 25 0.53+0.006a
07-23 25 JE W Initial podding stage 39553 86+58. 57d 5880. 52£60. 15¢ 99.76£0. 36¢ 0.5140.006b
07-31 25 JEHT I Early podding stage 43994. 34+160.91b 6438.69+60. 18b 105.0241.19b 0.49+0.010bc
08-07 25 32 353 Full podding stage 50138. 62+76. 32a 6947.82+61. 33a 108.11+1. 15a 0.4740.006cd
08-14 25 JEJ5 W Late podding stage 39748.10£114. 45d 5627.86+59. 21d 87.09+0. 50d 0.474+0.010cd
08-21 25 JE A Last podding stage 41524.18+133. 81c 5326.29+46. 55¢ 79.55£0. 55¢ 0.4240.010e

*4 BERESIHXERAZEREBOMEXE

Table 4 Correlation of P. vulgaris’s root indexes in light loamy chestnut soil field

T [ Ttems M R 8 7 Fresh root weight  # & T Root dry weight ~ # &K J# Root length  # £ 1 £ Root surface area
& T 5 Root dry weight 0. 962
AR K JZ Root length 0. 990 0.973%*
2 Z # 1 F1 Root surface area 0. 992%* 0. 944 0. 990
R Z & B Root volume 0.976%x 0. 9045 0. 969+ 0. 993

AR INTE 0. 01K L B 3% M 26, ** indicates significant correlation at 0. 01 level.

x5 VEREFSIAZERFZSH EMAEEE

Table 5 Dynamic change of P. vulgaris’s roots and above-ground parts in sandy loamy chestnut soil

I H B RiR 5 i WATE - T AR o BT E
Date of col- Growth stage Fresh root weight Root dry weight Leaf area Shoot dry weight
lection it Hef it e T e it e i
(A-A Weight Percentage Weight Percentage Area Percentage Weight Percentage
Month-day) (g-2plant ") (%) (g-2plant ) (%) (em®+ 2 plant ') (%) (g-2plant ") (%)

07-30 & B Sprout- 20 66+0. 20f 31.72  1.76940.08e 26.07  1603.3+37.62¢ 28.57  14.69%0. 21f 17.53
ing stage

08-06 WIAEH Initial 27.51+£0. 26e 42.23
flowerin stage

08-13 AL Full flow- 43.3640. 25d 66. 56

ering stage

Do

.50740. 10d 36.95  2085.7+60.82d 37.17  23.45+0.13e 27.99

04140.07c 59.56  3523.1+£79.48c 62.78  37.85+0.20d 45.18

=

08-20 ZEIEWI] Tnitial  52. 06+0. 29¢ 77.79 .278+0.12b 77.20  4594.1+61.79b 81.87  58.1340.32c 69. 38

ol

podding stage

08-27 25 JERM Full 65.14+0.31a  100.00  6.71040.09a 98.89  5611.4+£70.78a  100.00  70.2040. 86b 83.79
podding stage

09-03 LZ59EAR W Last  61.7040.24b  94.72
podding stage

.78540.09a  100.00  4689.0+54. 84b 83.56  83.78x0.78a  100.00

(o2}

VOISR L 2 O R K R KRR (R 6) SR A E -8 T8 A 2T HER K, ZF
TEERA P ERT A 13 H OB KK, 0. 47 mm- 24k 7.
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Table 6 Dynamic change of P. vulgaris’s root related indexes in sandy loamy chestnut soil

W AT Y WA KE A i NN R E S SRR
Date of collection Growth stage Root length Root surface area Root volume Roots average diameter
(H-H Month-day) (em+2 plant ') (cm®+2 plant 1) (em’-2 plant 1) (mm-2 plant ')

07-30 fli'& 1 Sprouting stage 9776.06+£77. 751 1232.33+18. 771 16.6940. 121 0.414£0.006d
08-06 146 Initial flowering stage 13138.78463. 12¢ 1952. 33+22. 20e 28.01+£0. 17e 0.44=+0.006bc
08-13 BEAEH Full flowering stage 20266.01+£73.17d 2818.01448.83d 42.2440. 12d 0.474+0.010a
08-20 45 W) Initial podding stage 25612.54+132. 42¢ 3378.35+29.52¢ 50.53£0. 29¢ 0.46=+0.006ab
08-27 25 JE M Full podding stage 31093. 68+103. 58a 4188.11451.96a 63.43+0.13a 0.46=+0.010ab
09-03 25 JEAR M Last podding stage 28024.58+119. 24b 3844.82+45.84b 57.97+0.23b 0.43=+0.006¢

2.1.3 PIRRSEES X AU LR PR AT b B SRR L A R RS L B R R AR
T MR T S T 25 AR L R R R T VD S S (R 7)o BE AR Z AT, R B SR A - 1R a0 AR L
KTV HE 5 S50 0 B8 0]~ 45 S RS0, WA S5+ T 25 ARUE LU AR 22 R K, O 0. 08~0. 12 45 i 2 )5 L 4%
SR T SR AN A T 28 R R e PR, e R R R 0. 04, B WA RHR 70+ it SR AR T Ml b SRR R4 S, T Vb M O
5 4 H AT — A/ R R, i 0. T0 R 2 0. 08, Jit P — J757 1 A AT 7 2285058 R A R 28 M8 9%, 5 — 7 Tl 5 s 1R
i 5 BRI, R TR R T M T R B R AR AT O

R7 AMHESLIHAZEREILAHEEL

Table 7 Dynamic change of P. vulgaris’s root-shoot ratio in two kinds of chestnut soil

1 5 945 £ Light loamy chestnut soil VHHE T 34T 1 Sandy loamy chestnut soil
W3 F B Date of collec- HH I I Root- | Wil H 3 Date of collec- HH I 3 H Root-
tion ( H-H Month-day) Growth stage shoot ratio tion ( H-H Month-day) Growth stage shoot ratio
07-01 Jih 2 3 Sprouting stage 0.31 07-30 & 1] Sprouting stage 0.12
07-08 WI4EH Initial flowering stage 0.20 08-06 W46 Initial flowering stage 0.11
07-16 AL Full flowering stage 0.12 08-13 AL Full flowering stage 0.11
07-23 453299 ] Initial podding stage 0.12 08-20 453299 ] Initial podding stage 0.09
07-31 25 271 Early podding stage 0.08 08-27 25 2% Full podding stage 0.10
08-07 25 2% Full podding stage 0.08 09-03 25 JEAR ] Last podding stage 0.08
08-14 25 J2J5 W] Late podding stage 0.05
08-21 25 JEAK ] Last podding stage 0.04

2.2 ZEMAMTNHHEIE

2.2.1 XOAFR Y E A6 FRE W 25 SRR, 25 TN AR S T Y 0 A 2R B 2 R AR A
WL BE A I HE AR A A B WM R I RRAE (R 8) . EEAM AR T 7 H 23 H (S5JEH) 1)) 3k A T i ) Fe JC¥R 80
emo 0~20 cm R 2 ALY E L LR EEF I BEH (R .8 14 HEZEAM, Z/FMMR R MW EE &1, %2R
AW A BT BT R BT AAR T E 8 A 14 H ETFF5. 12 M4, 204 F 43 1455 20~40 cm L JZ R &R & L2
IR A Ak A, T v e A ) R BAE R AE B (7T A 16 H) 5453 /5 (8 H 14 H ) ;40~60 cm .60~80 cm + )2 )
F N AR R AR TR, B R THE R g R R AR R TR (8 A 7T H )M B iR, Z R B W PR
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Table 9 Proportion of fresh and dry root weight in each layer of P. vulgaris in light loamy chestnut soil ( %)

LARUIRER:Y AR it 7T L A5 R AT L A

Date of collection Proportion of fresh root weight Proportion of dry root weight

(A-HMonthday)  _pocm  20~40cm  40~60cm  60~80cm  0~20em  20~40cm  40~60cm  60~80 cm
07-01 72.03 27.97 — — 77.21 22.79 — -
07-08 71.48 27.47 1.05 — 71.54 27.76 0.70 —
07-16 54.90 33.97 11.13 — 59.24 32.16 8. 60 -
07-23 47.67 29.69 19.67 2.97 54.12 28.50 14. 80 2.57
07-31 43.77 25.10 19.89 11.25 47.83 24.14 18. 00 10.02
08-07 39.22 26.43 20.79 13.55 41.71 24. 64 19.89 13.76
08-14 38.00 29. 14 19.47 13.38 41.28 29.10 16.99 12.63
08-21 43.12 24.85 18.54 13.49 45.48 24.55 17.01 12.96

B A= B HE AR I, 25 GARBEIE B VS B R W N R (R 9K 10) . BAEWI(7 A 16 H)Hi, 71.54% P I
MR R T E A7 0~20 cm £JZ2 N ,0~30 e L JEAR R T H 4 HAE 92.81% DA b AL 82, 19% MR R T & 4
A7E 0~30 cm /2N ,0~40 cm 2R R T Gk 91.40% ;45301 (7 A 23 1) MR R4k Ze 0 F P78, 0~40
em . 0~50 cm + 2T & & 45 82.63% 5 90. 71% s Z e A& 8 H 21 H ,77.99% LA F MR R T 5 4 1 1
0~50 cm + )2 ,0~60 cm T2 FR T & L A7E 86. 24 % L) I

F10 BERESTHOmIEZSREZHETESL
Table 10 Proportion of fresh and dry root weight in 0-60 cm soil layer of P. vulgaris in light loamy chestnut soil ( % )
LARUINER:t] R A 5T o LG ] T T o L]

Date of collection Proportion of fresh root weight Proportion of dry root weight

(H-H Month-day) 0~20 cm 0~30ecm  0~40cm  0~50cm  0~60cm  0~20cm  0~30cm  0~40cm 0~50 cm 0~60 cm

07-01 72.03 91.79 - - - 77.21 93.55 - - -
07-08 71.48 92.26 — - - 71.54 92.81 - - -
07-16 54.90 77.21 88.87 - — 59.24 82.19 91.40 — —
07-23 47.67 64.61 77.36 87.06 - 54.12 72.15 82.63 90.71 —
07-31 43.77 56.79 68. 86 79.65 88.75 47.83 60. 81 71.98 82.31 89.98
08-07 39.22 52.59 65.65 77.62 86.45 41.71 54.34 66.35 77.99 86. 24
08-14 38.00 53.49 67.15 79.29 86.62 41.28 57.51 70. 38 80.79 87.37
08-21 43.47 57.37 67.97 77.31 86.51 45.48 59.68 70.03 78.58 87.04

TR M O L A P 25 TR A B AR R K R TR R B A AR (B 2) SR AR BE R R >, SR R
f T EAMBH ., EERAZERAETA I —7TH23HBELZMESELM FRGEH,7H31H -84 21
H,0~10 cm i /25 60~80 cm B T 2R R S B i B s 2 TP,

VD HE T SRS A+ 25 AR AR A T A IR O A A (3R 1) SRR R RS A — B R s R 2R 2
W P L1 RN, Vb S A A S MR R I RO AT v B AR T RS R R L PR 8 H 27 H IR EIAR R
J&F) 60 cm + 240, RS W 54 7 0~50 cm 1 )E N . 0~10 cm H 2 M R N L 52 S8 TG BT 3 (3%
12),20~30 cm + )2 AR B 2Z IE A AH B A0 AR A 7 bR B 0 SR A i HIAHTE L B8 H 6 H 58 A
27 H AR AL S 7 37 055 10~20 em 55 30~40 em 2 4R 5 o7 b9 28 1k ks 550 0 R S TS B S e U T, Hg
Praa ¥ AE 8 H 13 H ;40~50 em 2R & b iy Bl 5 10~20 em + 2 — 3, (H A & 09 5 & 0 ER &
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Fig. 2 Vertical distribution of root length, surface area and
volume of P. vulgaris in light loamy chestnut soil
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Table 11  Vertical distribution of P. vulgaris’s root biomass in sandy loamy chestnut soil (g-2 plant™)
it H Tz Wi H 3 Date of collection ( A - H Month-day)
ftems Soil layer (cm) 07-30 08-06 08-13 08-20 08-27 09-03
R A 0~10 9.0140.08a  13.0140.08a  17.1240.09a  18.9740.09a  20.24+0.12a  21.66+0.12a
Freshroot weight 14 o 5.9240. 06b 8.1140.04b  15.5440.06b  16.304-0.08b  17.8140.09b  15.27-0.10b
20~30 3.9740. 06¢ 4.2240.06¢ 7.8440. 05¢ 9.6940.07c  14.7140.06c  12.4470.05¢
30~40 1.76+0.03d 1.7420.05d 2.1920. 04d 4.7240.03d 6.3940. 06d 9.0940. 05d
40~50 — 0.4340. 04e 0.6740. 04e 2.3840.03e 3.8140.07¢ 3.2420. Ode
50~60 - - — — 2.180. 04f -
Hit Total 20. 66 27.51 43.36 52.06 65. 14 61.70

R
Root dry weight

0~10
10~20
20~30
30~40
40~50
50~60

J it Total

0.798+£0.011a
0.507=+0. 008b
0.316£0.007c

0. 148=£0.006d

1.769

1.26240. 009a
0.719£0. 006b
0.365+0.005¢
0.126=+0.005d

0.035£0.002e

1.62940. 008a
1.47140.006b
0.716=£0.010c¢
0.17240. 004d

0.053=£0. 004e

4.041

2.159=0.009a
1.61540. 008b
0.891=£0. 005¢
0.420=£0.005d

0.19340. 004e

5.278

2.441+0.009a
1.93520. 009b
1.37740.007¢
0.54940. 005d
0.26340.006e
0.145+0. 004

6.710

2.621£0.007a
1.70140. 006b
1.28840. 005¢
0.878£0.007d

0.297+0.005¢

6.785

*z12

DERRESTHEEERERAH TER LA

Table 12 Proportion of fresh and dry root weight in each layer of P. vulgaris in sandy loamy chestnut soil ( %)

I H

MR & 5 U7 (& B ] Proportion of fresh root weight

ML JIr (& EL ] Proportion of dry root weight

Date of collection O~

10 10~20 20~30 30~40 40~50 50~60  0~10 10~20 20~30 30~40 40~50 50~60
(A -H Month-day) om em em em em em em em em em em em
07-30 43.61 28.65 19. 22 8.52 — — 45.11 28. 66 17.86 8. 37 — —
08-06 47.29 29.48 15.74 6.29 1.56 — 49. 34 26.09 14.56 5.03 1.40 —
08-13 39. 39 35.76 18. 04 5.04 1.54 — 40. 56 36. 82 16.43 4.78 1.41 —
08-20 36.44 31.31 18.61 9.07 4.57 — 40.91 30. 60 16. 88 7.96 3. 66 —
08-27 31.07 27. 34 22.58 9.81 5.85 3.35 36. 38 28. 84 20.52 8. 18 3.92 2.16
09-03 35.11 24.75 20. 16 14.73 5.25 — 41.26 27.15 16. 86 11.15 3.58 —

*13

DERESITHMIem TEEZSREHETE S
Table 13 Proportion of fresh and dry weight in 0—40 cm soil layer of P. vulgaris in sandy loamy chestnut soil ( %)

I H MR & 7 4 B Proportion of fresh root weight ML 9t 5 LL A Proportion of dry root weight
Date of collection (J]-H Month-day) 0~20 em 0~30 em 0~40 em 0~20 em 0~30 em 0~40 em

07-30 72.27 91.48 — 73.77 91.63 —

08-06 76.77 92.11 98. 44 79.02 93.58 98. 60
08-13 75.32 93.40 98.45 76.71 94.43 98. 69
08-20 69.79 86.98 95.29 74.03 89. 94 96. 21
08-27 58.41 80.99 90. 80 65.22 85.74 93.92
09-03 59. 85 80. 02 94.75 63.70 82.68 95.62
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Table 14 Root biomass of P. vulgaris in different lateral ranges in light loamy chestnut soil field (g-2 plant™)

Wi H 3 Date of collection H2 F fif # Fresh root weight

09-03

0.78140.008e

1.151+0.007d

1.898+40. 009a

1.554£0. 006b

—_

(H-H Month-day) 50~30 cm 30~10 cm 10~10 cm 10~30 cm 30~50 cm
07-01 3.0640. 08¢ 8.95+0. 08b 13.0440.08a 2.86+0. 05d 1.3440. 0de
07-08 1.4040.07d 5.93+0.05b 18.7140.10a 3.49+0. 06¢ 1.3540.05d
07-16 4.1840. 12¢ 7.7340. 08d 29.4440.11a 13.7240.08b 8.70-0. 06c
07-23 3.28+0.07¢ 11.5540. 07¢ 35.66-0. 16a 24.47+0.11b 7.80+0.07d
07-31 1.5540. 05¢ 15.224-0. 08¢ 43.9340.09 27.14+0.08b 13.4940.10d
08-07 7.37+0. 09 24.08+0. 12b 36.94=0. 09a 23.27-+0. 08¢ 13.56+0.12d
08-14 10. 25+0. 12d 17.894-0. 08¢ 31.79=0. 10a 19.1740.07b 10.05+0. 10e
08-21 6.880. 06e 13.2240. 09¢ 33.2440. 11a 20.6140. 09b 9.89+0. 08d
W5 H ] Date of collection R & T 5 Root dry weight
(J1-H Month-day) 50~30 cm 30~10 cm 10~10 cm 10~30 cm 30~50 cm
07-01 0.180=+0. 008¢ 0.552-£0.007h 0.915-0.007a 0.171-£0. 004c 0.0730. 004d
07-08 0.105-+0. 006d 0.503-0.007h 1.438+0. 0092 0. 286-+0. 006¢ 0.089=+0. 00de
07-16 0.25240. 006e 0.589=0. 008d 2.53040.011a 1.08440. 006b 0.638=+0. 006¢
07-23 0.22740. 006e 0.935-0. 008c 3.44440.012a 1.87740. 006b 0.516=0. 004d
07-31 0.114=0. 005¢ 1.20140. 008¢ 3.817-0.010a 2.049+0.012b 1.01240.007d
08-07 0.569=40. 007¢ 2.127-40.007b 3.707-0. 008a 1.95640.010c 1.185+0.007d
08-14 0.918-+0. 008¢ 1.7314-0. 009¢ 3.584=0.010a 1.89540. 007b 0.954=40.007d
08-21 0. 652+0. 006e 1.3740. 008¢ 3.76940. 008a 2.285+0.007h 0.925+0.011d
k15 DERESLIHEZEMNEAREENNRREYE
Table 15 Root biomass of P. vulgaris in different lateral ranges in sandy loamy chestnut soil field (g-2 plant™)
WM A 1 Date of collection R AR 6 7 Fresh root weight
(J1-H Month-day) 50~30 cm 30~10 cm 10~10 cm 10~30 cm 30~50 cm
07-30 1.1640.04d 4.7340. 08¢ 8.20+0.07a 5.37+0.05b 1.2040.04d
08-06 1.5740.05¢ 5.55+0. 08¢ 10.62+0. 14a 7.98+0.05b 1.7940.04d
08-13 5.24+0.05d 10.66+0.11b 14.30%0.07a 9.26+0. 05¢ 3.90+0. 0de
08-20 6.1740. 04d 9.7240.07c 17.1240. 16a 13.3740. 06b 5.6940. 0de
08-27 9.474+0.07d 13.644-0. 07¢ 17.7640. 22b 18.4040.11a 5.8740. 0de
09-03 8.28+0. 05¢ 10. 994-0. 06d 16.7040. 09a 13.494-0. 06b 12.24-0. 04c
W2 H 3 Date of collection R Z T 5 Root dry weight
(J1-H Month-day) 50~30 cm 30~10 cm 10~10 cm 10~30 cm 30~50 cm
07-30 0.08340. 004d 0.394=+0. 004c 0.74240.007a 0. 456-0. 005b 0.094-0. 004d
08-06 0.124-40. 005¢ 0.49140. 006¢ 0.995+0. 006a 0.751=0. 006b 0.146-0. 003d
08-13 0. 456=0. 004d 0.98640.007b 1.36440.007a 0.871=0. 006¢ 0. 364=0. 005¢
08-20 0.577=40. 007d 0.97140. 007¢ 1.84440.008a 1.3624-0. 006b 0.52340. 005¢
08-27 0.836-0. 007d 1.32240. 009¢ 2.095+.0.010a 1.8864-0. 007b 0.57140. 007¢

.33640. 006¢
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Fig. 6 Contour of fresh root weight in main growth stages of P. vulgaris in light loamy chestnut soil field
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Fig.7 Contour of fresh root weight in main growth stages of P. vulgaris in sandy chestnut soil field
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