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Effect of combined application of ammonium and nitrate on nutrient
utilization and yield of mini Chinese cabbage

SU Jin-chang, HE Zhi-giang, LI Jie, LU Jian, YU Ji-hua, ZHANG Guo-bing
( College of Horticulture , Gansu Agricultural University , Lanzhow, Gansu 730070, China)

Abstract: A field experiment was carried out to investigate the effect of combined application of ammonium and ni-
trate on the growth, nutrient utilization and yield of mini Chinese cabbage ( Brassica pekinensis vs Jinchengxiahuang) .
Results showed that combined application of ammonium and nitrate fertilizer could increase the accumulation of dry matter
in all parts of the mini Chinese cabbage in the heading stage compared with single nitrogen fertilizer. The combined ap-
plication also significantly increased yield, total nitrogen, total phosphorus, total potassium content in each part of the
plant treatment, nutrient use efficiency, the root bleeding intensity during every growth period. Additionally, when ratio
of the ammonium and nitrate fertilizer was 7:3, the root dry matter accumulation, NPK uptake and root bleeding intensity
of the mini Chinese cabbage were significantly higher than that in single nitrogen fertilizer. The root dry matter accumula-
tion was 2.16 g-plant™', and NPK uptake was 5.92 g-kg™', 4.44 g-kg™", 6.05 g-kg™ ' in the harvesting stage. The
root bleeding intensity were 8.09 g+h~ ! in the heading stage. When the ratio was 5:5, yield and nitrogen use efficiency
significantly increased, and the transfer of nutrients from different organs of to leaf ball was promoted. In the harvesting
stage the dry matter weight, nitrogen use efficiency, economic output were 34.50 g, 6.89% , 114.16 t-hm~*. We con-
cluded that the optimal ratio of the ammonium and nitrate fertilizer was 5:5 to promote the mini Chinese cabbage produc-
tion.

Keywords: mini Chinese cabbage; ammonium nitrate ratio; root bleeding; dry matter accumulation; nutrient up-
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Table 1  The physical and chemical properties of plough layer

BR S 2 AT

AL HAH

Total N Total P Total K Available N Available N Available K pH /( ‘E(‘ -1
Mgke)  Aekeh ke ) /mgkg)  Jmgkg) /mgkg) -
0.30 0.88 4.17 178.00 54.53 67.70 7.66 0.54
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Table 2 Experiment design

ALBE Treatment  Z il HEA5] Ammonium nitrate ratio

AERL R Fertilizer rate

R ZE & Nitrogen rate

CK1 X} I8 11 Blank control
Tl NO;~ - N:NH;* - N=10:0
T NO;~ - N:NH,* - N=7:3
T3 NO;~ - N:NH;* - N=5:5
T4 NO;~ - N:NH;* - N=3:7
TS5 NO;~ —= N:NH,* - N=0:10
T6 CO(NH,); - N

CK2 LHHEAL Local fertilization

ANHIE No fertilizer
KNO;(5.09 kg)
KNO;(3.56 kg) + NH,HCO;(1.15 kg) NO;~ - N(0.46) + NH,* - N(0.20 kg)
KNO;(2.55 kg) + NH;HCO;(1.92 kg)
KNO;(1.53 kg) + NH,;HCO;(2.69 kg)
NH,HCO5(3.85 kg)
Urea(1.44 kg)

A Compound fertilizer(1.44 kg) +
(NHy4),HPO5(2.34 kg)

AHEAE No fertilizer
NO;~ = N (0.66 kg)

NO,~ - N(0.33 kg) + NH, + — N(0.33 kg)
NO;~ = N(0.20 kg) + NH,* — N(46 kg)
NH,* - N(0.66 kg)

CO(NH,), - N(0.66 kg)

M A Local fertilization

T CK1 SRR AR, HoAx 25 Ab B A UK H AR )

Note: contents of N in the other seven treatments were the same except for CK1(no fertilizer) .
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Effect of combined application of ammonium and nitrate

Fig. 1

on root bleeding intensity of the mini Chinese cabbage
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Table 3 Effect of combined application of ammonium and nitrate on nitrogen absorption in

different parts of mini Chinese cabbage in different stages

ZERRWIH Eie ]

Qb3 Starting heading stage Mature stage

Teatment iRkt ARk Bk ) WRAeke ) MGk ) R (eke)

Ball - leaf Outer — leaf Roots Ball - leaf Outer — leaf Roots

CK1 2.79+0.0le 2.53+0.0le 2.49 +0.06d 6.76+0.13f 5.46 +0.06e 5.27+0.01d
T1 4.95+0.05d 4.77+0.13d 4.64£0.17c 8.60+0.11cde 5.66+0.02d 5.54+0.04c
T2 5.40 £ 0. 18bed 4.96+0.08cd 4.87+0.10bc 8.14+0.16de 5.77+0.01be 5.70+0.01b
T3 5.66 +0.08bc 5.29+0.11bc 4.96 £ 0.06bc 10.11+0.36a 6.20+0.04a 5.53+£0.02¢
T4 6.87+0.30a 5.86+0.05a 5.52+0.15a 9.46 £0.10ab 6.11+0.0la 5.92+0.03a
T5 5.76 +0.03b 5.73+0.10a 5.19+0.03ab 9.17+0.37bc 5.68+0.03cd 5.46+0.03¢c
T6 5.11+£0.07d 4.75+0.25d 4.62+0.11c 8.75+0.2lcd 5.80+0.01b 5.50+0.03¢c
CK2 5.18+0.23cd 5.56 +0.08b 5.07+0.10b 8.01+0.18e 6.14+0.03a 5.86+0.0la

I R PRFVBSRE AR/ NE FRFRR 2R B F (P <0.05), T,

Note: different lowercase letters indicate the significant difference at P <0.05 level, the same below.

2.2.3  AEAHBCAE AT AEE R R B R B SR A AT &
B FHm RS s, ST N RS R
FRRLB M L EB 5 > HoF 3047, 45 kw1 3] > Rl
o ShBRwI L AR HR Er e Bl S U L g 3
INEESe EFHE FRER &S, ek T3 ik B mE, 5
CK2 ¥4I 13.50% , ik ) i 5 1 25 5 s MU N 3P 38
ot il B A UM LU B R 3 n 2 R R R e A, T A B B

KAE A5 A A FETC B P25 5 o RSO RE AR
BB o B S U LB A 3 n 2 4 B TS R R
Pt BR T3 Ak P GA B B K MEH, K OCK2 BT
21.73% i M2 5 I T4 IR B oKl B &S
FHABAL P, B CK2 30T 50.50% o . —Z 5 it
JEAb B 27 [E)AH FE AL T1 A TS 22 () G 4 38 25 5, fHL 1
BEET Te.
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Table 4  Effect of combined application of ammonium and nitrate on phosphorus absorption in
different parts of mini Chinese cabbage in different stages
e ZEERYIW] Starting heading stage SR Mature stage
Treatment ek (g kg™") Gt/ (gokg™") /(g kg™") HER/ (g kg™ ") it/ (gokg™h) /(g kg™")
Ball - leaf Outer — leaf Roots Ball - leaf Outer — leaf Roots
CK1 3.84 £0.06e 3.87+0.11be 3.43+0.19bc 5.19+0.16d 3.91+£0.07e 3.91+0.04ab
T1 4.36+£0.14d 3.38+0.22¢ 3.16+0.13¢ 5.26+0.20d 3.81+£0.04e 3.38+0.23b
T2 4.64+£0.08cd 4.20+0.11ab 3.84+0.07ab 5.21+0.01d 4.66 £ 0.02ab 4.33+0.08a
T3 5.23+0.15ab 4.35+0.33ab 3.98 +0.05a 6.54 +0.03ab 4.78 +0.08a 4.36+0.39a
T4 5.54+0.08a 4.09+0.27b 3.75+0.08ab 6.77+0.07a 4.94+0.0la 4.44+0.27a
T5 4.91+0.14bc 3.78 £0.28hc 3.54 +0.08abc 6.09+0.11c¢ 4.02+0.04de 3.73+0.27ab
T6 4.91 £ 0.05bc 4.12+0.08b 3.85+0.03ab 6.29+0.07be 4.41 +0.05bc 4.21+0.13a
CK2 5.16+0.17b 4.84+0.09a 3.82+0.30ab 6.31+0.18be 4.30+0.25¢d 4.38+0.29a
RS ERTHECHEXT RS B B HA AN [B) BB $ 2= IR UL B 2 i
Table 5  Effect of combined application of ammonium and nitrate on the absorption of potassium in
different parts of mini Chinese cabbage in different stages
e 453K Starting heading stage KM Mature stage
Treatment Bk (g kg™") St/ (g kg™") /(g kg™) mER/(gokg™!) S/ (g kg™!) /(g kg™")
Ball — leaf Outer — leaf Roots Ball - leaf Outer — leaf Roots
CK1 9.83+0.11ed 7.58 +£0.14c 4.77+0.02d 7.92+0.10d 7.65+0.16¢ 3.92+0.28¢
Tl 9.93+0.47cd 10.82+0.11a 6.85+0.09a 8.87+0.16bc 9.13+0.09b 5.25+0.17b
T2 11.10 £ 0.06ab 11.37£0.02a 6.68 £ 0.06a 7.82+0.18d 8.88 £0.20b 4.05+0.10c
T3 11.60 £ 0.20a 11.55+0.23a 6.75+£0.13a 9.58 £0.10a 10.42£0.32a 5.28 +0.44b
T4 10.65 £ 0.10be 11.42£0.16a 6.60+0.13a 9.18 £0.25ab 10.57£0.10a 6.05+0.16a
T5 11.02 £0.32ab 11.00 £0.35a 5.73+0.31b 8.62+0.14c 9.55+0.26b 4.45+0.10c
T6 9.30+0.21d 8.82+0.54h 4.12+0.27d 7.22+£0.07e 7.35+£0.35¢ 3.20+0.15d
CK2 10.22 £ 0.45bc 9.62+0.39 5.00+£0.03¢ 7.87+0.09d 7.35+£0.05¢ 4.02 +£0.06¢c

2.3 BEEENEEXREFNARENZME
W% 6 /R, 7EBe it A B A Fifi 25 44 25 U8 EL 491
RGN, Lk (e SR R R LR B PFP U NUE Ml RE (19748
ISR G RS, B34h T3 A3 K, 435
3 48.01 kg+hm™=2.413.82 kg-kg~'.133.32 kg-kg~ '\

6.83% ,5 CK2 ¥&/NT 24.54% .33.26% .343.81%
103.24% , 22 % W% o 55— R i IE AL FHAH H
B b BRI LR SR A R R B S & PFP NUE 1 RE
B e, U AL B 2 R A LA, AR
FUE BB PFP NUE I RE Ll # 25,

F®o EREHEX EEREENANRNEM

Table 6  Effect of combined application of ammonium nitrate on nitrogen use efficiency of mini Chinese cabbage

AERALG RN LE = 71 (PFP) RHLAR R (NUE) AR MR (RE)
Ab Total nitrogen Nitrogen partial Nitrogen use Efficiency of
Treatment accumulation productivity efficiency nitrogen recovery
/(kg*hm~2) /(kg'kg™") /(kg-kg™") /%
CK1 28.98 +0.26¢ — — —
Tl 39.54+0.29 401.35 +20.72abc 120.86 +20.72abc 3.82+0.10b
T2 39.96 + 0.66b 362.76 £ 10.39¢ 82.27+£10.39¢ 3.97+0.24b
T3 48.01 +0.86a 413.82+22.09a 133.32£22.09a 6.89+0.31a
T4 47.80+0.54a 409.69 + 12.87ab 129.20 + 12.87ab 6.81+0.20a
TS 40.97+3.97b 367.18 £ 10.21bc 86.69 = 10.21bc 4.34+1.44b
T6 40.42 +0.65b 388.78 £ 5.45abhc 108.29 + 5.45abc 4.14+0.24b
CK2 38.35+0.53b 310.53£0.94d 30.04 +0.94d 3.39+0.19b
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Table 7  Effect of combined application of ammonium and nitrate on dry matter accumulation of mini Chinese cabbage in heading stage

KA H ) Sampling date(M - d)

iy S Qb P
Plant parts Treatment 06— 10 06— 14 06- 18 06-22 06-26
CK1 14.64£0.23¢ 18.82+0.08bc 22.78+1.20d 25.90+0.92d 25.06+0.31e
1 17.40 £ 0.20b 17.42£0.76¢ 27.76+0.10a 30.97 +0.39ab 32.13x1.11d
™ 16.32 £ 0.20d 18.66 + 0.83bc 24.83 +0.20be 31.33+0.55ab 34.19+0.27a
Bk (g bR ~1) 3 17.03+£0.30bc  20.48+0.21a 27.19+0.39 32.35+1.08a 34.50+0.43a
/ga,l;rlff) T4 17.82+0.08a 20.21 +0.70ab 25.33 +0.3%bc 31.41+0.71ab 31.65+0.26b
15 16.3740.30cd  18.13+0.38¢ 26.11 +0.33ab 29.50 +0.07he 30.61 +0.45he
6 14.51 £0.05¢ 18.24 + 0.46¢ 24.01 +0.67cd 28.44.£0.70¢ 29.11£0.10ed
cK2 16.520.18cd  18.35+0.18¢ 27.93+0.49a 29.55 +0.88be 29.58 +0.24cd
CK1 21.71£0.21e 27.69+0.16d 30.03 +0.48¢ 33.12+0.93d 32.87+0.58¢
1 24.30£0.12¢ 28.61+0.4lbed  37.89%1.18ab 40.14+0.95ab 38.77 +0.28be
™ 27.42+0.27a 28.02+ 1.04cd 37.41£0.85ab 43.79+0.59% 40.77+0.28a
bt/ (g bk~ 3 26.90+0.44ab  29.50+0.13bed  40.45+1.02a 42.03+1.04ab 39.66 + 0. 18ab
/?;z;n&af) T4 24.24+0.41¢ 28.35+0.68bed  35.56+0.77b 40.25+0.74abe  38.74+0.93be
15 22.61+0.24d 30.49£0.36abe  36.56+0.57ab 39.18 +2.90be 37.73£0.31cd
6 26.20+0.13b 32.42+1.73 38.62£2.42ab 39.41£0.77he 38.99 +0.42be
cK2 23.32+0.27d 30.93 +0.85ab 36.83 + 0. 46ab 37.24+0.43¢ 36.74+0.41d
CK1 1.07£0.01d 1.15+0.02d 1.29.+0.05¢f 1.45+0.02f 1.50 +0.04c
1 1.14£0.0lcd 1.33+0.05ab 1.46 +0.05de 1.88+0.03d 1.79+0.03b
™ 1.17£0.04ed 1.11£0.02d 1.51+0.03cd 1.92+0.04ed 1.91+0.06b
UVACS ) 7 1.26+0.02ab 1.36+0.03ab 1.69 +0.04ab 2.15+0.09ab 2.100.05h
/(gﬁjzz_l) T4 1.30£0.01a 1.38+0.0la 1.75+0.07a 2.29+0.05a 2.16£0.06a
15 1.26+0.01ab 1.26+0.05be 1.58+0.05¢d 1.93 +0.04ed 1.83+0.03b
6 1.20+0.04be 1.29 +0.04abe 1.62 +0.05abe 2.03 £ 0.03be 1.94£0.07b
cK2 1.14£0.04cd 1.21£0.0led 1.35+0.02f 1.68+0.03¢ 1.59+0.05¢
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Table 8  Effect of combined application of ammonium nitrate on yield of mini Chinese cabbage

Lb BAR T kg

Treatment

AWyt /(- hm =)

Single plant weight Biomass yield

2 re/(trhm™2) BRI %

FEEL

Economic yield Marketable coefficient Ratio of output to input

CK1 1.96+0.01d 159.43 £ 0.51d 77.38 +3.82d 48.53 2.04+0.10ab
T1 2.19+0.01ab 178.10 £ 0.51ab 101.29 £2.82b 56.88 1.54+0.04c
T2 2.24+0.02a 181.77+1.52a 113.02 £ 3.55a 62.18 1.93 £0.06ab
T3 2.21+0.03ab 179.20 £ 2.74ab 114.16 £ 6.09a 63.70 2.12+0.11a
T4 2.19+0.01b 176.94 £ 0.89b 100.07 £2.87¢ 56.56 2.04 +0.06ab
T5 2.11+0.01c 171.35 £ 0.66¢ 97.18 +2.44b 56.71 2.11+0.05a
T6 1.97+0.02d 160.06 = 1.62d 93.71+1.21b 58.54 2.09+0.03a
CK2 2.17+0.01b 176.63 £ 0.99b 85.66 £ 0.26cd 48.50 1.86+0.07b
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