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Effects of water-soluble topdressing with root-promoting agents on
nutrient accumulation and utilization rate of flue-cured tobacco

HUANG Qionghui', DENG Xiaohua'*, CHEN Shunyao?, WANG Xinyue!, ZHANG Yang?, XIE Huiya?,
CAI Qi?, ZHOU Yi?, WANG Xuan!, HE Wei?, HUANG Ziyu?, LIU Zhaowei?

(1.College of Agronomy, Hunan Agricultural University, Changsha, Hunan 410128, China; 2.Zhuzhou Branch of Hunan
Tobacco Company, Zhuzhou, Hunan 412400, China)

Abstract: Using flue-cured tobacco cultivar Yunyan87 as the material, the effects of two topdressing modes (traditional
topdressing and water-soluble topdressing) combined with root promoting agents(Dikangshianl, Youkangte and
Puduoshoumoligen) on the accumulation of dry matter, nitrogen, phosphorus and potassium, and on fertilizer absorption
efficiency and fertilizer production efficiency of flue-cured tobacco at different days after transplanting were studied. The
results showed that the traditional topdressing mode was not conducive to the nitrogen removal of tobacco leaves, while the
water-soluble topdressing mode could promote the yellowing and ripening of tobacco leaves. Water-soluble topdressing
mode and root promoting agents and their interactions were beneficial to dry matter accumulation, and could improve
nitrogen, phosphorus and potassium accumulation and distribution, and increase nutrient absorption efficiency and
production benefit of flue-cured tobacco. The contribution rates of topdressing mode, root promoter and their interaction to
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dry matter accumulation were 37.64%, 41.35% and 21.01%, respectively; the contribution rates of topdressing mode, root
promoter and their interaction to nitrogen accumulation were 34.14%, 33.78% and 32.08%, respectively; the contribution
rates of topdressing mode, root promoter and their interaction to phosphorus accumulation were 34.41%, 33.47% and
32.12%, respectively; and the contribution rates of topdressing mode, root promoter and their interaction to potassium
accumulation were 32.12%, 36.56% and 25.16%, respectively. In Hunan tobacco-rice rotation area, the application of
water-soluble topdressing combined with the application of Dikangshian 1 and Youkangte can significantly promote the dry
matter accumulation of flue-cured tobacco in early growth stage, significantly increase the accumulation of nitrogen and
phosphorus, and effectively improve the fertilizer absorption efficiency and production efficiency.

Keywords: flue-cured tobacco; root-promoting agents; water-soluble topdressing; combined application; dry matter

accumulation; nutrient accumulation; nutrient use efficiency
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Table 1 Application methods for traditional topdressing and water-soluble topdressing
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Table2 Dry matter accumulation and distribution in flue-cured tobacco under water-soluble topdressing and root promoting agent treatments

AREE T (kg hm?)

BakitiEd BT bisEl T i (kg hm2)
R E it
30 BMEE c1 (112.1022.63)a 9.9442.98 (15.561.05)a (86.6022.77)a
c2 (94.0541.48)b 10.2943.01 (12.561.13)b (71.2124.34)b
72 0.825 0.027 0.451 0.787
PEAR ) D1 (121.8343.81)a (10.9842.45)a (17.4842.16)a (93.3847.81)a
D2 (125.8848.23)a (13.5841.75)a (15.7842.27)a (96.5042.21)a
D3 (88.3328.94)b (8.48+1.10)b (12.3323.18)b (67.532.91)b
D4 (76.2824.66)b (7.4341.49)b (10.681.00)b (58.234.83)b
72 0.963 0.863 0.729 0.944
HAE C1D1 (143.20+1.96)a (12.9541.81)a (20.9542.07)a (109.25+1.20)a
C1D2 (131.3045.04)b (12.1020.38)a (15.501.20)b (103.7045.02)a
C1D3 (95.7023.92)d (7.801.23)c (14.4533.38)b (73.4545.48)c
C1D4 (78.2024.88)e (6.90+1.62)d (11.351.02)cd (60.0024.69)d
c2D1 (100.4526.58)d (9.0040.15)cd (14.001.65)bc (77.5045.94)c
c2D2 (120.4547.46)c (15.05+.00)b (16.0543.34)b (89.3045.62)b
C2D3 (80.954.60)e (9.150.40)c (10.2020.60)d (61.6024.59)d
C2D4 (74.3534.40)e (7.95:1.45)cd (10.0040.31)d (56.4545.20)d
Moo 0.759 0.653 0.426 0.622
60 JB A C1 (1966.81419.25)a (337.5541.05)a (526.4344.49)a (1060.8834.22)a
c2 (1740.3313.42)b (334.2542.18)b (425.2443.47)b (980.845.54)b
A 0.900 0.708 0.884 0.811
JEAR ) D1 (1975.25+10.33)a (387.1346.99)a (512.7546.94)a (1075.38+9.85)a
D2 (1918.83453.22)ab (373.4824.23)ab (497.7545.51)a (1047.60+49.65)a
D3 (1789.10452.38)hc (341.4843.94)bc (455.8542.52)b (991.786.70)b
D4 (1731.10:417.88)c (325.45+1.99)c (436.98+4.36)c (968.687.60)c
s 0.870 0.741 0.736 0.830
HAE CciD1 (2069.85457.85)a (398.65+16.41)a (570.05432.49)a (1101.15#11.57)a
C1D2 (2058.25415.80)a (409.50424.48)a (548.55413.15)a (1100.20-49.31)a
C1D3 (1916.8590.15)b (372.35429.30)b (509.10425.20)b (1035.4045.98)b
C1D4 (1822.30454.30)d (337.55+14.05)b (478.00422.59)bc  (1006.75424.17)c
c2D1 (1880.65+15.52)b (375.6047.33)b (455.45425.20)cd  (1049.6010.03)b
C2D2 (1779.4011.11)c (337.4519.96)c (446.95+18.80)d (995.00+14.91)c
C2D3 (1661.35431.01)e (310.60+48.48)c (402.60425.13)e (948.15:14.66)d
C2D4 (1639.90+434 55)f (313.3549.23)d (395.9546.84)e (930.60+27.02)d
Moo 0.232 0.363 0.096 0.202
90 B AR c1 (4549.27435.30)a (966.5948.30)a (1038.805.02)a (2543.88+16.04)a
c2 (4314.97457.62)b (916.7845.32)b (986.4845.44)b (2411.72:417.32)b
A 0.609 0.321 0.513 0.523
{R AL D1 (4603.33459.08)a (946.12+16.47)ab  (1041.9548.18)a (2615.26435.44)a
D2 (4554.32454.62)a (976.11423.31)a (1043.61+4.68)a (2534.60:411.47)b
D3 (4350.48+42.34)b (911.18421.72)b (999.1245.70)b (2440.1849.50)c
D4 (4220.37427.06)c (933.33428.40)b (965.8943.75)c (2321.1649.84)d
n 0.731 0.296 0.617 0.751
HAE CiD1 (4823.444106.49)a (1003.52420.71)a (1092.19427.13)a (2727.73475.37)a
C1D2 (4670.39491.16)ab (984.28428.58)ab  (1072.91+18.18)a (2613.20477.08)a
C1D3 (4426.55122.66)b (926.63427.02)c (1018.87437.45)b (2481.05492.34)b
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AR B} 8] /d A+ Ab ¥R T3 (kg hm2) Py — n
90 HAF c1D4 (4276.71432.02)cd (951.91429.31)bc  (971.25326.82)bc  (2353.55:450.53)c
C2D1  (4383.224105.46)bc  (888.72465.62)e (991.70412.35)bc  (2502.80247.28)b
C2D2  (4438.24+105.04)b (967.93+41.91)bc  (1014.31#10.05)b  (2456.00281.16)b
C2D3  (4274.40413508)cd  (895.7353.90)e (979.38451.48)bc  (2399.30498.71)c
C2D4 (4164.03+172.67)d (914.74462.94)d (960.52441.41)c  (2288.78280.59)d
Moo 0.312 0.218 0.290 0.204
19 AR ) 5B % [ o 1 b BT )2 A 5123 25 ML (P<0.05) o Mo, 5y, Moo 4351 3B ISR (C) . AR AR) (D) B L AR AT {1
N , — iy 42 0 0 0 . 5 ’
2.2 KAMBEEEMIERFITEEE . . HRER MZ 45.07%. 79.85%. 10.72%, XM, k. 0
A MBEWI R, DIXZEMER B,
ALK EBIEA TR R R &R . TR R AR
2.2.1 SHERARE G H

2 3 al A, M ALak)E 30, 60, 90d, /K&
B AR L (CL) AR B B L g8 AR R (C2) 4y

%3

J5 90 d, fLEEiB AR AR R R UK FEia
e R 5Tt 20.75% , Wi KB A = )

THATE A, AT AR v B
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Table 3 Nitrogen accumulation in flue-cured tobacco under water-soluble topdressing and root promoting agent treatments

BRSO HT M MEARKghm?) AFHERRRRiKg Amr)
R E i
30 B C1 (4.3840.32)a (0.3540.09)a (0.7440.05)a (3.1720.11)a
c2 (3.0140.59)b (0.2440.03)b (0.430.15)b (2.3420.58)b
A 0.941 0.936 0.985 0.893
FRARF D1 (4.4740.57)a (0.3640.13)a (0.8640.26)a (3.2520.17)a
D2 (4.6040.81)a (0.330.06)a (0.6040.26)b (3.6740.51)a
D3 (3.0240.50)b (0.250.02)b (0.630.16)b (2.1420.33)b
D4 (2.7040.23)b (0.250.04)b (0.4920.27)c (1.9620.10)b
né 0.960 0.921 0.962 0.962
HAE C1D1 (5.8840.49)a (0.4840.05)a (1.0940.04)a (4.3140.41)a
C1D2 (5.31240.33)a (0.3940.01)b (0.8440.02)b (4.0940.34)a
C1D3 (3.4520.34)hc (0.2640.02)cd (0.7740.08)b (2.4120.24)c
C1D4 (2.8940.15)cd (0.280.03)c (0.7440.07)b (1.8740.06)c
c2D1 (3.0520.02)cd (0.2440.02)cd (0.6240.02)c (2.1920.06)c
c2D2 (3.8940.39)b (0.2840.02)cd (0.3640.03)e (3.2540.34)b
C2D3 (2.5940.25)d (0.2340.02)cd (0.5040.05)d (1.8640.18)c
C2D4 (2.5140.11)d (0.2240.01)d (0.2540.02)f (2.0440.08)c
Moo 0.877 0.888 0.730 0.891
60 B c1 (77.3914.87)a (13.98+1.99)a (24.1935.31)a (39.2243.49)a
c2 (43.0324.79)b (5.800.87)b (7.18+1.09)b (30.0543.13)b
A 0.979 0.992 0.992 0.877
JRARF) D1 (68.45412.86)a (11.10+1.58)a (17.7541.32)a (39.59-+1.13)a
D2 (67.00212.99)a (11.19+1.65)a (18.73+1.37)a (37.08:+1.09)a
D3 (58.26212.16)b (8.4741.06)b (14.474.59)b (35.331.65)b
D4 (47.1328.02)c (8.791.70)b (11.8021.09)c (26.55+1.60)c
s 0.919 0.918 0.930 0.891
HAE C1D1 (89.1142.37)a (15.2820.40)a (28.0442.32)a (45.7923.45)a
C1D2 (87.7322.79)ab (16.31:+1.45)a (29.0642.34)a (42.3643.00)a
C1D3 (78.4024.57)b (12.1740.51)b (23.2240.71)b (43.0124.37)a
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= 3(4%)
X ) A E AR RE/(kg hm™2)
BamtiG  HT kb Bt (kg hm?)

ics E i
60  HAE C1D4 (54.3342.13)c (12.1620.43)b (16.440.43)c (25.7342.13)c
c2D1 (47.794.68)cd (6.9320.52)c (7.4620.76)d (33.3943.40)b
c2D2 (46.284.51)cd (6.080.62)cd (8.39:0.85)d (31.8143.04)bc
C2D3 (38.1341.71)d (4.7720.15)d (5.7240.58)d (27.6540.98)bc
c2D4 (39.9342.51)d (5.4120.14)cd (7.1620.59)d (27.3642.06)bc

Moo 0.840 0.750 0.905 0.781
90 BB c1 (62.4741.65)a (10.1820.84)a (24.4230.79)a (27.8641.49)b
c2 (56.4241.12)b (8.7341.10)b (15.6541.04)b (33.640.61)a

e 0.683 0.769 0.980 0.884
AR D1 (62.4416.39)a (10.0341.28)a (20.970.08)a (31.4441.14)a
D2 (61.0724.77)a (9.9720.87)ab (19.380.60)b (31.7120.82)a
D3 (60.7143.25)a (9.660.40)ab (19.0120.70)b (32.0545.94)a
D4 (55.5742.97)b (8.1741.20)b (19.580.35)b (27.8245.51)b

s 0.697 0.783 0.551 0.727
HAE C1D1 (68.1140.18)a (11.1340.36)a (26.4910.01)a (30.490.18)bc
C1D2 (65.4240.02)ab (10.66:40.20)ab (23.5620.82)bc (31.2041.04)hc
C1D3 (58.98+1.07)bcd (9.7720.31)ab (22.3530.11)c (26.8620.65)cd
C1D4 (57.39+1.41)cd (9.1840.79)b (25.2942.05)ab (22.93+1.43)d
c2D1 (56.78+3.42)cd (8.9340.91)b (15.46:41.49)d (32.3921.02)b
c2D2 (56.7240.67)cd (9.2840.95)b (15.2140.55)d (32.2310.83)b
C2D3 (62.4545.80)bc (9.5520.80)ab (15.661.19)d (37.2343.81)a
c2D4 (53.754.70)d (7.1620.73)c (13.8841.42)d (32.7142.54)b

Moo 0.729 0.484 0.678 0.810

[R5 A ) S [ — R e P A B ) 2 A 52 28 XL (P<0.05). e, 15, 15, 4351 9 B NEAER(C) . A 30 (D) M LL T A Bt {5 .

WHA RS 30 d, B IEAR R &4 1°5(D1).
PEHURH(D2) . E 20 AR (D3) A H Y AR B A
ATIEAR AL FE(DA) ) 73 7% 65.56% . 70.37%.
11.85%, 60 d H[435|% 45.24% ., 42.16% . 23.26%,
90 d % 12.36% ., 9.90%. 9.25%. W], Hb
1% 1 SHRNEHURS e AR AU RO AT i
PEARFRIGIAR . 25, YRR R ik K,
(BB AN R B A —FE . I A e
30d, XIZE. MAEmERK; MEFARSE 60d, X=X
HIsEIAERCR, HUORAR ;s METFEAL 90 d, XSHRAYEZ
R, HYTEM

T8 A A 25 A MR EL A T R R R AR R Y 5
Wik B 2K, DL C1D1, C1D2 AR BN 4
%, {HIEM R4S 90d, C1D1, C1D2 AfH &
BE/NF C2D3, iifif C1D1, C1D2 Mt 5 i
R, AHFTIEAFE B I NEA S SR B
YEXTIRRRAR . 25 MR sEma ik B K, (HAEA
[ ISP S0 A [l e B B 2 A — - MR %Rk U5 30 d,
PR, R MAR AR s MRS 60d, Xf=E

FIEE IR MHETRSHR 90 d, X AOSE IR K .

MIBREAR S | AR R B H B AR R 2R o
MIRZMBON A, MATE RS ARG 30 d, FRARF ST kR IR
K, HUCmBIERE; MWE#iE 60, 90d, BIE
BTk R R, HUCH AR, v, FE AR
A, JEARFI AR S, KHEP ., 5, B
HEASR =X SRR BRRE M ¥ 3 BT A f) 5007 fELSK A
HEAL R E R, GBI T A B A TR
34.14%, {EAR I TTRRA N 33.78%, HAETTHAA N
32.08%, A] DL AN AR S ok, HKOE
PEARF, EAE AR MARNT RN

2.2.2 sHEERER R 9 h

HER 4 AIA1, JRERERSS 30, 60, 90d, ZKiF
PEIB AR (CL BN BB AL g IR (C2) 43
W% 92.00%. 86.38%. 29.79%, X, 25, W
FREAZ R, ARG 30d, X6k
AR A, WA G 60, 90 d X FBEF
KRR, 7T, KB A R TR
ME,



274

1A R 5274l (A SR B2 )

http://xb.hunau.edu.cn

20234 6 A

®4 KEMERERAERRTIEENBARE

Table 4 Phosphorus accumulation in flue-cured tobacco under water-soluble topdressing and root promoting agent treatments

A BB 25/ (kg hm?)

Ak ] /d FF P SRS E/(kg hm™)
R S it

30 BEERX c1 (0.4840.14)a 0.0320.01 (0.0620.02)a (0.3820.13)a
c2 (0.2520.05)b 0.0320.01 (0.0320.01)b (0.1920.04)b

e 0.978 0.067 0.986 0.979

PR D1 (0.4640.19)a (0.0340.01)ab (0.0640.03)a (0.3640.16)a
D2 (0.4446.13)a (0.0440.01)a (0.0426.01)b (0.3626.13)a

D3 (0.3320.13)b (0.030.01)ab (0.0426.02)b (0.2620.11)b

D4 (0.2320.04)c (0.0240.01)b (0.0426.01)b (0.1726.02)c

A 0.968 0.954 0.962 0.969

HAE ciD1 (0.636.05)a (0.0346.01)hc (0.0926.01)a (0.5146.05)a
C1D2 (0.5526.03)b (0.0440.01)b (0.0526.01)c (0.4746.03)a

C1D3 (0.4520.04)c (0.030.01)cd (0.0626.01)b (0.3620.03)b

C1D4 (0.2720.01)de (0.0240.01)d (0.0526.01)bc (0.1920.01)cd

c2D1 (0.2820.01)de (0.030.01)cd (0.0326.01)d (0.2246.01)c

Cc2D2 (0.3320.03)d (0.0520.01)a (0.0420.01)d (0.2440.02)c

C2D3 (0.2140.02)ef (0.0320.01)cd (0.030.01)e (0.1640.01)d

C2D4 (0.2040.01)f (0.0220.01)d (0.030.01)e (0.1540.01)d

Meo 0.903 0.736 0.955 0911

60 B c1 (7.25+1.66)a (1.3340.25)a (1.6140.37)a (4.3241.25)a
c2 (3.8920.64)b (0.580.08)b (0.8320.13)b (2.4820.59)b

e 0.983 0.991 0.980 0.969

FR ] D1 (6.4342.47)a (1.0140.36)a (1.5640.65)a (3.8620.47)a
D2 (6.0322.70)a (1.1620.61)a (1.2920.44)b (3.5820.65)ab

D3 (5.1222.20)ab (0.8040.32)b (1.0026.38)c (3.32240.50)b

D4 (4.7120.15)b (0.8440.35)b (1.0420.25)c (2.830.59)c

s 0.907 0.943 0.941 0.842

HAE CiD1 (8.6740.50)a (1.3420.05)b (2.1440.18)a (5.1940.37)a
C1D2 (8.4840.59)a (1.7120.13)a (1.6940.13)b (5.0940.34)a

C1D3 (7.1240.45)b (1.1020.04)c (1.3420.02)c (4.6820.47)a

C1D4 (4.7420.15)c (1.1620.01)c (1.2746.05)c (2.3120.20)c

c2D1 (4.1920.39)cd (0.680.06)d (0.9726.09)d (2.5420.25)c

Cc2D2 (3.5840.31)de (0.6120.06)de (0.8940.09)d (2.0840.16)c

C2D3 (3.1240.09)e (0.5140.03)e (0.6540.05)e (1.9640.01)c

C2D4 (4.6840.28)c (0.5140.03)e (0.8140.08)de (3.3620.23)b

Meo 0.951 0.896 0.840 0.963

90 Bt c1 (6.7140.25)a (1.3840.18)a (2.1620.21)a (3.1740.96)a
c2 (5.1740.64)b (0.8720.05)b (1.8540.34)b (2.4540.35)b

e 0.961 0.969 0.833 0.961

JRARF) D1 (7.2940.30)a (1.2740.41)a (2.3540.16)a (3.6740.73)a
D2 (5.7240.21)b (1.1440.28)ab (1.7320.24)b (2.8620.70)b

D3 (5.7920.75)b (1.0440.20)b (2.1246.09)a (2.6320.49)b

D4 (4.9620.26)c (1.0540.23)b (1.8246.28)b (2.0920.34)c

s 0.967 0.807 0.925 0.984

HAE CiD1 (8.4640.16)a (1.6520.06)a (2.4840.01)a (4.3440.11)a
C1D2 (6.82246.10)b (1.3940.06)b (1.9526.09)b (3.4920.05)b

C1D3 (6.4520.22)hc (1.2240.07)b (2.1620.06)b (3.0746.09)c
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= 4()

AFEIE BB R/ (kg hm)

BakatiEd K AR SBES E(kg hm?)

% mt
90  HAF C1D4 (5.1240.02)d (1.2540.09)b (2.0640.09)b (1.8040.17)e
c2D1 (6.1140.35)c (0.8940.07)c (2.2240.18)b (3.0040.09)d
c2D2 (4.6240.05)d (0.8840.08)c (1.5240.07)c (2.2240.10)d
C2D3 (5.14+0.41)d (0.8740.09)c (2.0940.18)b (2.1840.14)d
c2D4 (4.8140.45)d (0.8540.09)c (1.5740.16)c (2.3940.20)d
Mews 0.874 0.747 0.584 0.965

IRV G AN )% ] — R AR T A BRI 0 22 AT 553 15 B XL (P<0.05).. Mg Mo, e SM BB C . AR D ML I ARMIRON (.

WRTEREAIG 30 d, BV IEAR S22 15-(D1)
EHURHD2) . 2B IR (D3)AhFR A HRRE B RN 2R B
BRI AL AR 57 4k B (D) 1Y 43 51 2 100.00% |
91.30% ., 43.48%, 60 d 435I 36.52% ., 28.03%.
8.70%, 90d I}, 43%% 46.98%. 15.32%. 16.73%.
AL, HURREEE 1 SRR AN SRR AT
HUIEBG U MEFEARIXTR . 25, MR B
SR B E AT, (AR RIRXAS RIS B 150
A—FE MERERRSG 30d, XA, 25, MASEIERES
K MRS 60d, XTAR . ZERSIECK; IR
A5 90d, XIZE. AR,

18 AT A 5 55 412 AR B A X R e ol R R A 11 5
W335 BEKF, LA C1D1. C1D2 #ifH B AN
Z . BNEE SRR BAEXT AR . 25, TR
RPN E Y O (R N Yo N EEr =i Al
AN—FE: WEBR)E 30d, XK. R A 8
K MG 60, 90d, XfmAyEmAR K.

MGBAEREEC AR K E AR XAk R 2R

RN, MRS 30 d, (AT BTk R i
K, HUChEAE; MEB)E 60d, BRI TIHE
R, HUChEAE; MEBH)E 90d, BRI
TRk K, HUCH AR, AT UL, #5 00K AT
PEARFIXTBEF Rk, K, 5, Rt
SRR B2, ¥ 3 AN ROV K A, I
b8 E oy %, 3B AR AR SO B A B Y T Rk R N
34.41%, M DTRR AN 33.47%, HAETTRA N
32.12%. A WAEARFIXBER R s, Hkos
B, EARRS AN

2.2.3 xPHERATAR R %R

H 5 A, MRS 30, 60, 90d, JKiF
P38 AEASE 2 (CL) K5 M B AR 53R B 45 A% 4t 3 AR X
(C2)53 5% 25.78% . 113.12% ., 17.79%; WA, 2%
AR BRI B3, 30 d IR AR FR Bty
M A, 60 d B X AR Y HI AR B R R, 90 d Hif
X AR R R R . P, KIS A A
FHARE LR

*5 KAMEERERIZRTIFEENRRARE

Table 5 Potassium accumulation in flue-cured tobacco under water-soluble topdressing and root promoting agent treatments

AR ESE H AR St/ (kg hm )

MEmEd R Ab 3 JBRE (kg hm )
i £ it
30 BAEsEX C1 (5.6140.43)a 0.4020.09 (0.800.16)a (4.4140.16)a
c2 (4.4640.98)b 0.3940.11 (0.5520.10)b (3.5240.81)b
e 0.886 0.021 0.941 0.857
LR D1 (5.99+41.55)a (0.3640.06)b (0.9246.33)a (4.7141.18)a
D2 (6.15140.38)a (0.5440.03)a (0.7026.07)b (4.9140.35)a
D3 (4.3240.48)b (0.3540.02)b (0.5526.10)c (3.4240.40)b
D4 (3.6840.30)c (0.3240.03)b (0.5420.10)c (2.8240.20)c
s 0.963 0.932 0.958 0.958
HAE Cci1D1 (7.3740.68)a (0.400.08)b (1.2120.02)a (5.7640.59)a
C1D2 (6.4240.34)b (0.5340.01)a (0.7526.04)b (5.150.38)ab
C1D3 (4.7240.25)c (0.3440.02)b (0.6320.07)b (3.750.16)c
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X ‘ A B R/ (kg hm™)
BakntEd  HET AbE BB (kg hm2)
Uit % nt
30  HAE C1D4 (3.9540.10)cd (0.3340.06)b (0.6240.07)b (3.0040.02)cd
c2D1 (4.6040.20)c (0.3240.01)b (0.6240.02)b (3.6740.22)c
c2D2 (5.8840.42)b (0.56:40.04)a (0.6540.10)b (4.6740.37)b
C2D3 (3.92:40.40)cd (0.3740.03)b (0.46:40.04)c (3.09:40.33)cd
c2D4 (3.4120.04)d (0.3240.01)b (0.4540.03)c (2.64:40.06)d
Mewo 0.835 0.502 0.905 0.782
60  BJERI c1 (89.64:+10.39)a (17.94:2.44)a (20.99:43.90)a (50.7147.32)a
c2 (42.0646.47)b (3.7740.69)b (10.091.23)b (28.2045.11)b
" 0.985 0.996 0.980 0.958
PR D1 (69.834.20)ab (9.64:+1.24)b (18.77+1.63)a (41.42411.40)a
D2 (72.642.75)a (11.97+1.32)a (16.441.39)ab (44.23413.11)a
D3 (67.5047.80)b (11.37+1.53)a (14.2141.73)b (41.91:414.70)a
D4 (53.42423.22)c (10.44:1.01)a (12.73:+1.38)c (30.25:+11.16)b
s 0.865 0.791 0.896 0.841
HAE C1D1 (91.8344.29)a (14.4240.46)c (25.71:4.19)a (51.7043.56)a
C1D2 (99.4349.77)a (20.44+1.90)a (23.102.46)a (55.8845.41)a
C1D3 (92.7446.38)a (19.1640.51)ab (18.5240.32)b (55.0646.57)a
C1D4 (74.544.36)b (17.74240.89)b (16.6242.16)b (40.1845.63)b
c2D1 (47.8322.57)c (4.8640.26)d (11.830.87)c (31.13+1.44)bc
c2D2 (45.85:+4.91)c (3.5040.22)d (9.7740.90)d (32.5743.80)bc
C2D3 (42.26+1.03)cd (3.59:40.03)d (9.90+0.72)d (28.76:40.27)cd
c2D4 (32.3040.63)d (3.1340.15)d (8.8440.49)d (20.3340.29)d
Moo 0.385 0.903 0.753 0.225
90  iBHEAE C1 (103.7349.59)a (14.64+1.89)a (33.03#1.53)a (56.065.36)a
c2 (88.06:45.26)b (11.261.04)b (30.10:1.73)b (46.69:2.22)b
e 0.877 0.864 0.629 0.819
{R AL D1 (102.09+10.82)a (14.3743.31)a (34.1442.51)a (53.5941.63)a
D2 (101.33:+11.94)a (13.45:1.54)ab (33.96:+1.94)a (53.93:+1.68)a
D3 (90.27+10.51)b (12.3040.89)b (27.29+1.99)b (50.31:+.21)a
D4 (89.89:5.00)b (11.7042.18)b (30.88:1.53)ab (47.68+1.82)b
" 0.797 0.701 0.860 0.574
HAE cipb1 (111.88+1.13)a (17.2422.15)a (36.05+1.81)a (58.6042.83)ab
ciD2 (111.9945.54)a (14.7740.82)ab (35.47+2.24)a (61.7542.47)a
c1D3 (91.7548.17)bc (13.0140.58)bc (25.78:1.98)c (52.9745.62)abc
C1D4 (99.314.37)b (13.57+.43)bc (34.8240.98)a (50.92:46.78)bc
c2p1 (92.3143.02)bc (11.506.90)cd (32.2342.50)ab (48.5840.38)c
c2D2 (90.670.48)bc (12.1340.88)bcd (32.440.32)ab (46.10:+1.67)c
c2D3 (55.5143.51)d (5.5140.33)d (18.2140.82)d (31.7842.36)b
C2D4 (52.44:4.24)d (4.3440.46)d (17.702.06)d (30.3944.72)b
Moo 0.586 0.583 0.750 0.455

IRV AN % ] — T A A B 12 A 453 5 L (P<0.05). M M Mo 4 RSB MR (C) (A1 (D) B H AL .

PR BB . MEREARRIAR . 25 AR
SR AA B E K, BEARFRHHXA F&
HISZIR A —AE, 30, 60 d IEXFE | AR SR K 5
90 d HF X ZE M R MK

T PR (AR TR AR X AR AR R 3R R R i 1
R EKOE, UG 30d, C1D1 JHRREF S

IHHFEAR S 30 d, WIMERFIMFEREZ 1 5
(D1). FPIRH(D2) . 2B J1 4R (D3)4h HE 45 K E
TR B A U 2 AR 7R Ak B (D4) 19 43 5l &
62.77%. 67.12%. 17.39%, 60 d Ht43512 30.72%.
35.98% . 26.36%, 90 d Bf/3H]£ 13.57%. 12.73%.
0.42%. Al UL, HREEEE 1 5. FEhiRxH e gtk
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M % M #a)5 60 d, C1ID1, C1D2, C1D3
HHAREI A R A2 s SR 4R )5 90d, C1D1,
C1D2 MR R AN 2 - JBAEAL S AR B
VEXTHAARAR . 25, IFASEIEAE B 25K, (HAER
[RS8 B As2 A —HF, 30, 90 d i Xf=5
BISEIRARRTAL A, 60 d BERTHR A SR A

MIB R | PR R T Rk AR 2R
FIREIEN T , AR 30 d, (ARG BTk
K, HUCHEAE; MWE#R)G 60, 90d, BRI
TRk R, HUCH IR . AT, 5 HH K AT,
PEAGRIX R R K9P, 5, JBER
XPERFR BSR4 3 AR OV (R, 5%
b0 E 43 %, 8 IR AR X X BB R Tk RN
38.28%, AR Tk E A 36.56%, HAETIHEN
25.16%. AJ WL, JEMRFINTHIE Bk, HKE
BARELR, FAER AT/

2.3 KGR MEIE AR ECHE (R AR I I 1R 77 5 FI A
HISZE

2.3.1  STReAPRILE R W3k

H 2 6 A1, KIEMHEIRE R (CLE A .
PR ISRCR AL B NERL K (C2) 1 435115 12.79%
33.05%. 19.23%, HZESF %, KRUDKEIEBIEA
FITFE MRS Wi L BRAE, AR X R A W AL
fit AR &% 1 5(D1). BPidRD2). %
SIS 3 AR (D3) Ak B I R SR AN R A AR )

&6 KIAMEIEBE IR AR A R AR RIS E
Table 6 Absorption efficiency of nitrogen, phosphorus and potassium

fertilizers under water-soluble topdressing combined with

root-promoting agent %

¥ ¥ RERSEEE BEEReEE AR
BAKL C1 (38214185  (4.104056)a  (21.08+1.95)a
C2  (33.88243)b  (3.0840.38)b  (17.68+1.06)b

A D1 (37.584156)a  (4.404054)a  (20.64+1.32)a
D2  (36.74#59)a  (3.4640.47)b  (20.48+1.55)a

D3 (36.4641.62)a  (3.5040.50)b  (18.161.07)b

D4  (33.414227)b  (3.0040.19)c  (18.2541.24)b

HAE  CIDL (41.66+1.08)a  (5.1620.17)a  (22.7440.63)a
C1D2 (40.01#.01)b  (4.1720.40)b  (22.7640.80)a

C1D3 (36.08#1.46)c  (3.9440.09)c  (18.65+1.17)c

C1D4 (35.1040.61)cd  (3.1340.36)e  (20.1940.63)b

C2D1 (335041.42)d  (3.6440.15)d  (18.5440.43)c

C2D2 (33.4641.28)d  (2.7520.21)f  (18.2140.68)c

C2D3 (36.8442.42)c  (3.0640.18)ef (17.6840.87)cd

C2D4 (31.71#1.96)e  (2.8620.19)f  (16.3140.93)d

[ 5 AN 7Bk s AR 3R] 9 22 S A e i3 L (P<0.05)

LEFR(DA) 43 22 12.48% . 9.97%., 9.13%, WMl
WS NZ 47.04% . 15.54% . 16.81%; HiFEfr4c 1
5 (D) ISP (D2) B IR SR B A AR R (D4)
I 13.10%. 12.26%, LU AR (D3)# D4
W 0.47%; RUIMBE R L 15 FHRE R T4
MAXF . Bl BRAERIRI, R XA A IR
KBRS FEARR BV EXT RS AR B . I
WSRCR YR B B 2K, AL B BRI
¥ILL C1D1 fm, Hikoh C1D2, FHH/KHEMEBAE
SRR 15 PRI A A RS R AE
BHIZ, SRR

2.3.2 STReHA FFRE G H

I 7 AT, KV AR (C L) M A 2L B
B PR R AL B R X (C2) 43 il iR 9.35% .
8.09%. 6.77%, HZEREE, FI/KEHBIES R
FREMRI R . B, BAE. IR i 1
5(D1). HHURH(D2) . WU A (DI) b FEEE A
A 7R R BN TS AR AR R Ak B (D) 1Y A B 2
12.73%, 9.23%. 5.13%, WA= r=sz5 0512 12.73% .,
9.23%. 5.15%, B igm o hZ 12.69%., 9.21%.
5.13%, RHH 3 FMEHLRIAA FIFIE MM . .
BRIE, DIMERER 1 SRCREAT . BIEA SRR
FIHAEXTEINA . B, BRI PR s 2 B
K-, DL C1D1. C1D2 YA B, BPIEA =&z 40
XET. AT L, KBRS HEARN D1, D2 flG
it FHAE TG RIS RE ), 36t s ARk A P75 4

FR7 KABMEREERRTIME. 8, FERENE
Table 7 Production efficiency of nitrogen, phosphorus and potassium

fertilizers under water-soluble topdressing combined with

root promoting agent ka/kg

BT b3 FIEAT G BRIRA RS BIE AR TR
B c1 (15.5640.98)a (15.53#0.98)a  (5.1740.33)a
C2 (14.2340.63)b  (14.3720.64)b  (4.8420.22)b

fEMRA D1 (15.72#1.10)a  (15.78#1.01)a  (5.2840.31)a

D2 (15.2440.92)ab (15.2940.84)ab  (5.1220.25)ab
D3 (14.6640.76)bc (14.7240.70)bc  (4.930.21)bc

D4  (13.950.61)c (14.004054)c  (4.6940.16)c
HAE ClD1 (16.6840.46)a (16.6540.46)a  (5.5420.15)a
C1D2 (15.9840.47)a (15.9540.47)a  (5.3120.16)ab

C1D3 (15.174056)b (15.1540.56)b  (5.040.19)bc
C1D4 (14.3940.31)bc (14.3740.31)bc  (4.780.10)cd
C2D1  (14.7740.28)bc (14.9140.28)b  (5.0240.09)c
C2D2  (14.4940.48)bc (14.6340.48)b  (4.9320.16)c
C2D3  (14.1640.58)cd (14.2940.59)bc  (4.8220.20)cd
C2D4  (13.5040.48)d (13.6440.48)c  (4.6020.16)d

[ FAN )RR R A B E] A 22 53 A e 127 78 3 (P<0.05)
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