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Effects of irrigation levels and ratios of combined organic and inorganic

fertilizer application on the yield and quality of Allium mongolicum Regel

LI Li', WANG Zhigang’, HUANG Xiumei', MA Jianhua'

(1. Vocational and Technical College of Inner Mongolia Agricultural University, Baotou 014109, Inner Mongolia, China; 2. Inner Mon-
golia Chuangliijia Agricultural Technology Co., Ltd., Hohhot 010019, Inner Mongolia, China)

Abstract: In this study, four-year old A/lium mongolicum was used as the test material, and a two-factor experimental
method was adopted. By setting three irrigation levels [W1 (soil field water holding capacity of 70%-75%), W2 (soil field
water holding capacity of 50%-55%), W3 (soil field water holding capacity of 40%-45% )] and five fertiliser levels [F1
(no fertilizer), F2 (chemical fertilizer alone), F3 (100% organic fertilizer+100% chemical fertilizer), F4 (100% organic
fertilizer+75% chemical fertilizer), F5(100% organic fertilizer+50% chemical fertilizer)] 15 treatments were conducted
to simulate the effect of applying different combinations of organic and inorganic fertilizers at different rates on the yield
and quality of Allium mongolicum under different levels of moisture conditions. The results showed that moisture had a
significant effect on the yield of Allium mongolicum, and the effect of irrigation volume on the yield of A/lium mongoli-
cum was in descending order of fully irrigated > deficit irrigated > severely deficit irrigated. Under full irrigation (W1),
the best performance was achieved by applying a combination of 100% organic fertilizer+50% chemical fertilizer, which
gave the highest yield and significantly promoted plant height, stem thickness, nitrogen content and yield of A//ium mon-
golicum. Under deficit irrigation(W2), the application of 100% organic fertilizer+50% chemical fertilizer still maintained
a high level of yield and quality of Allium mongolicum, but the differences with other treatments were not significant.
Under severe deficit irrigation(W3), the application of 100% organic fertilizer+50% chemical fertilizer significantly pro-

moted the root-crown ratio and water use efficiency of Allium mongolicum. In conclusion, the theoretical maximum yield
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0f 9 004.00 kg-hm~ was obtained when the field water holding capacity, the actual amounts of N, P, K and organic fertiliz-
ers were 70%~75%, 304.50, 147.00, 178.50 and 300.00 kg - hm™* (full irrigation in combination with the application of

100% organic fertilizer and 50% chemical fertilizer), respectively. Therefore, in the large-scale production of Allium mon-

golicum, it is recommended to optimize the ratio of organic to chemical fertilizer application under full irrigation condi-

tions to enhance both yield and quality.

Key words: Allium mongolicum; Fertilizer; Yield; Quality; Irrigation gradient
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PRBEAT IS0 o SRR BS 5 5T B VD 7 B B SRR 2 ik
PAFIE S RV AR A 5, AL pH N
8.72, AMLF & & (w, JG RN 2.72 g- kg A5
HON 27.5 mg kg RS EON 1.57 mg-kg'. T
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TRIE K B 22 24 RIS Wit R R — e ik
K2 5 B 7S HEE W1 (3% AR K & 70%~
75%) 77 R EE R W2 (3% H R R K & 50%~55%)
P E 5 R W3 L3 R K & 40%~45%)3 A4~
K B2 ot AR KT 1 B F1 AN Jit AR (CKO
F2 it 6 JE (NS PL K 43 7 9 609.00 294.00
357.00 kg - hm™) , F3 Jiti 100% 4 HL JE+100% 14 fE
(A FLAE 300 kg - hm2, N.P. K 2 %l ¥ 609.00.
294.00.357.00 kg-hm™) ,F4 Jifi 100%4 HLAE+75%1L
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21,1 RBKREH BT BHRGGR R HER 1
ALK AR 7K 0 Ak Bt 0 2808k B A 3 R, 4%
A PR B = N 8.37~17.93 cm. HiHh WIF5 &b BE#k &
5, N 17.93 cm, 5 W2F2.W2F5. W1F4., W3F5,
WIF2.W2F4 fl WIF3 Z R ARZE HEE&ST
FoAtAbBE . 7E W1 BEBKF R VW Bk N 14.02~
17.93 cm, ‘F#J4 15.70 cm. 5 WIF3 AL, WIFS
A FERR PR T 19.77%, 125 HoAh Ab 3 22 IR B
F (WIF1 BE4h) . 7E W2 BEBL K P T, bk A
12.83~16.62 cm, )4 14.76 cm, H: i W2F2 Ab#H
B, N 16.62 cm, 5 W2F3 $25 1 29.54%, H &3
T W2F1 Fil W2F3, {3 5 H A b 8 22 S A 3%
£ W3 FELKF R, bR o 8.37~15.77 em, P31y
12.04 cm, H: v W3F5 & # % &, N 15.77 cm, &
W3F3 AbH B 54 5 T 47.79% , H B % & T
W3F1, 05 HARAFE 22 R AN B2 . &K
PIbkE RN WI>W2>W3,

g b, o BB A R TV AR G 7E R

® 1 AEIKELEXDEE KA BRI
Table 1 Effects of different water and fertilizer
treatments on the growth and development of Allium
mongolicum Regel

P e e
Treatment Plant height/cm Stem thickness/mm
WIF1 14.02+1.32 bede 1.58+0.14 b

WI1F2 15.65+0.99 abcd 1.66+0.19 ab
WIF3 14.97+0.33 abcd 1.4740.11 be
WI1F4 15.95+0.50 abc 1.634+0.08 ab
WIFS 17.93+1.43 a 1.8440.04 a

W2F1 12.88+0.99 cde 1.4640.16 be
W2F2 16.62+1.85 ab 1.60+0.20 ab
W2F3 12.83+2.87 cde 1.43+0.13 be
W2F4 15.43+0.15 abcd 1.55+0.26 b

W2F5 16.05+0.10 abc 1.65+0.05 ab
W3F1 8.37+£2.80 f 1.62+0.15 ab
W3F2 13.05+0.93 bede 1.2740.03 ¢

W3F3 10.67+0.28 ef 1.4240.03 be
W3F4 12.33+0.61 de 1.5340.11b

W3F5 15.77+4.88 abed 1.63+0.07 ab

W FAA [ NS 5 R R AR BE ] 4R 0.05 7K -F 22 57 W # .
.

Note: Different small letters in the same column indicate signifi-
cant difference among different treatments at 0.05 level. The same

below.
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SRREBE AT T, 5 FUM AR AR L, 80 50% 46 A I
Bic it A ATLAEA ) T Ak AR K

212 FRREKEAEVZ LRGSR HE ]
ALED AR AR AL v B 2R B B . %
ACHZERA 1.27~1.84 mm, Hd WIFS 4b# 250 £
K, N 1.84 mm, 5 WIF4. WIF2. W2F2. W3F1.
W2F5 #l W3F5 % 5 A & 3%, (B 5 3 & T HAh b
B fE WL EEBAKFET, WAEZEXHEN 147~
1.84 mm, ‘F ¥4 1.64 mm, 5 WIF3 Ab F4H L,
WIFS 2B 2 B 8w 1 25.17%. 1£ W2 #E
KPR, v A ZE MO8 1.43~1.65 mm, T 5 K
1.54 mm, H: & W2F5 4b B & &, N 1.65 mm, £
W2F3 A BEHR 1 T 15.38% , {H 35 A B H) 22 3 ¥R 8
o E W3 HEEAKCE R WA ZEMN 1.27~1.63 mm,
SEHIN 1.49 mm, Hot W3FS 4B, A 1.63 mm,
B W3F3 AbHR T 14.79%, H 55 2% & T W3F2,
B 5 HoAth Ab 7 25 AN 2%

25 b AEAFIEBL KR FS A 2% F3 #4RE1E
D B, AR 7 o E R SR MR AR B
HH I, T A 24 gk 2D A AR e FH 2 5 T e A LR S A
Tl ALK
2.2 FEIZKABALIE X EAR 7 LE B 2 M

3R 2 AT, A [ KB Ak B b 20 kb b5 Hb
TR LR Y e A B, (B
65 5T B T T, 5 AL BN 0.31~1.75 g, He b W3FS
W, N 175 ¢, 5 WIF1.WI1F2.W2F5. W3F2
A W3F4 Z R AR E (HEEm T HmarE. 7£

W1 KSR, o E 6 i 70 0.31~1.40 g, “F3)
7 0.67 g, Hort WIF2 AbFR . 5 WIF3 AbFRAH
b, WIF5 AbBEER  51.61%, H il & 2 F A8 2% .
16 W2 JEE KR B 6 5 2 0.32~1.20 g,
35109 0.59 g, W2F5 Ab B M b3 6 i B e, N
1.20 g, % W2F3 #£5 135.29% . £ W3 ¥ /K °F
T, b R RN 0.38~1.75 g, PN 1.03 g,
W3F5 40P 5 2% = T W3F1 1 W3F3, # W3F3 &
FHE R 250.00%

E T 565 ot & 7 T, 5 AN 0.55~8.25 g,
b W3Fs Ab B, A 8.25 g, B3 T WIFS.
W2F1.WIF1 Al W3F1 43, {5 5 HAh 4b B 2% 7oA
BE. AE WL R KPR, o R S8 &N 1.55~
325 g, PN 2.53 g, WIF2 Ab Pl T & 2 i & i
1, N 3.25 g5 1E W2 JEIEKSF R, Ho R SR 6 5T &2
1.65~7.65 g, ¥4 4.12 g, H v W2F3 kb # &% i,
N 7.65 g, W3 E T W2F1; 48 W3 JEKSF R R
TR BN 0.55~8.25 g, PN 4.35 g, W3FS AbHE
B, T W3FLL 8 W3F3 #2851 75.53%.

FEMR e G 7 T, 25 /K AR Ak 38 22 S B 35, R
W3F5 db#i 7 K, 4 2.36, 5 W3F3 fil W2F3 Z 74
BF EEFEET HACE . £ W1 BB R, R
6 EE oA 0.44~0.82, “F 1N 0.62, WIF3 &b B AR 76 b
B K5 9 0.82, {H F 5 HAth Ab B 7 7 3548 B 3 5 AE
W2 MK R AR H O 0.79~2.04, °F 3 9 1.22,
W2F3 4b BEAR 5l bh B K, o4 2.04, 183 & T HoAh b
L AE W3 BEEKF T, il te o 1.07~2.36, 1344

F2 TREIKAEALIER I ZAR T L B2 00

Table 2 Effects of different water and fertilizer treatments on root-shoot ratio of Allium mongolicum Regel

Ab Hb b A o Hi N A O R B o H R E R et L (T )
Treatment Aboveground fresh mass/g Underground fresh mass/g Aboveground dry mass/g  Underground dry mass/g Root-shoot ratio (dry mass)
WIF1 0.73+0.67 ab 1.55¢0.21 ¢ 0.042 5+0.005 2 b 0.018 8+0.003 6 f 0.44+0.0305 g
WIF2 1.40+0.99 ab 3.25+0.78 abc 0.026 9+0.000 7 efgh 0.020 2+0.005 7 ef 0.75+0.193 2 efg
WIF3 0.3140.13 b 2.85+1.34 abc 0.028 6+0.001 0 defg 0.025 0+0.004 3 def 0.8240.179 3 efg
WI1F4 0.46+0.09 b 3.00+2.97 abe 0.051 8+0.000 9 a 0.032 1£0.005 9 de 0.62+0.124 2 efg
WIF5 0.47+0.02 b 2.00+0.57 be 0.054 5+£0.001 6 a 0.026 3£0.002 9 def 0.48+0.067 0 fg
W2F1 0.53+0.53 b 1.65+0.21 ¢ 0.035 0+0.002 6 ¢ 0.032 5+0.005 5 de 0.94+0.228 3 ef
W2F2 0.32+0.08 b 2.90+1.56 abc 0.024 2+0.002 2 gh 0.021 2+0.002 7 ef 0.88+0.032 5 efg
W2F3 0.51+0.06 b 7.65£3.61 ab 0.031 7+0.002 3 cde 0.064 5+0.000 3 a 2.04+0.155 2 ab
W2F4 0.37+0.03 b 5.55+0.78 abc 0.032 6+0.002 2 cd 0.047 9£0.005 9 b 1.47£0.083 3 cd
W2F5 1.20+0.57 ab 2.85+1.20 abc 0.034 1+£0.002 2 ¢ 0.027 2+0.004 9 def 0.79+0.092 5 efg
W3F1 0.38+0.15 b 0.55£0.21 ¢ 0.031 8+0.001 1 cde 0.033 9+0.007 3 cd 1.07+0.266 5 de
W3F2 1.20+0.07 ab 3.30+0.99 abc 0.024 8+0.003 0 gh 0.036 0+0.008 8 cd 1.48+0.531 9 cd
W3F3 0.50+0.17 b 4.70+3.25 abc 0.022 0+0.001 4 h 0.045 3+0.001 3 be 2.06+0.073 7 ab
W3F4 1.30+0.85 ab 4.95+5.59 abc 0.026 1+0.001 1 fgh 0.048 2+0.004 2 b 1.85+0.087 3 be
W3F5 1.75+£0.64 a 8.25+3.46 a 0.030 2+0.002 5 cdef 0.071 3+0.007 8 a 2.36+0.061 2 a
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1.76, W3F5 4b BEAR 5 LU B K, 5 W3F3 & 7 A
FHEE T HARAEE, B W3F3 125 14.56%.
g5 b A RNEE R /KPR Vb Ui b 565 o L Hb
R SR LU A A 2 R R B R
O ME N W3>W1>W2, 1 i 350 6 5 & F1 AR
W W3>W2>WI .
2.3 FEIZKAEALIRXS 2K o3 FI AR RS20
K3 R % R i AR A K o BB R
I e ) B B R A RS AR RO A e B B

1.0
a
09 f +
"-‘E 0.8 .
s 0.7 F
%< bed be
=B 061 cde bede M
mE5 05°F cde 4 cde
=5 ef
T2 04 of ef ef ef
R ©
g 03 f f
5 02
<
Z 01}
oo L L1 L1,

fa T . BB RAE AN F K AR AR BT K Sy
FIFH R = e B g . o, W3F5 kb K 5
I 2 e i, N 0.89 kg -m™, S 3 v T H Al b 7
1E W1 FEM KT, 55 Ab 3K 73 FI) 20K 4k Fr 1
0.23~0.35 kg-m”,~*F¥J{E N 0.30 kg-m™, Hrf* WIF4
A WIF5 A3 0.35 kg-m*, 5 WIF3 4b ¥ 2 7
ANEE . E W2 KPR, KSR HKER
0.35~0.49 kg m”, *F35{EH N 0.42 kg m”, H W2F5
AbFEF R, 0N 0.49 kg-m”, B W2F3 $iE15 22.50%, H

&1
Fig. 1

FRER 2ZE AN E . 1E W3 KT R, K5 F
FRCFE N 0.51~0.89 kg-m*, 1 N 0.64 kg -m™,
Hor W3F5 AbBE R 25 i T HAd AR B, B8 W3F3 b3
BERE T 53.45%.

g% b VD AR o R AR R AR R I W3>
W2>W1, R HTE K 55 G S AF T AR AT 3@ o 115
AR FR IR mK A R RE T TEAS At AR K SF
F5 Kb 3 AE &R /K ST T 35 28 0L HS 8 o 1) 7K 43
M. 1E W3 BB KE TR ISR w5
F3 MG, F5 b 218 35 52 v 7 /K 40 R FH 2%, 3
7 358 R B K BN 40%~45%26 4% T, it F 100%
A HUIEH R S0% 4k A5 A ) T2 = v K 43 I H
2.4 AEIKEBLIEST D EM A SPAD BN S RE
A

FHE 3 AT A, AR K BE AL 2 6) b 200 /i SPAD
EHME R EY AR EEmW. %448 SPAD HHN
46.87~56.07, HH W2F3 4 FE f% =, N 56.07, 35 %
T W2F1.WIF1 1 W2F5 4b 3, {5 55 Ho At b B 22

WIF1 WIF2 WIF3 WIF4 WIF5 W2F1 W2F2 W2F3 W2F4 W2F5 W3F1 W3F2 W3F3 W3F4 W3F5

AbFE Treatment
FEAENG FRER R AR AL FEAE 0.05 KT EREE. FIAE.

Note: Different small letters indicate significant difference between different treatments at 0.05 level. The same below.

A EIKABAL IR % 7k 53 1 B 3 R B #20

Effects of different water and fertiliser treatments on water use efficiency of Allium mongolicum Regel

FRARZE . £ WL IEBEK- T, SPAD {54 46.87~
54.90, 34 4 5041, H rh WIF2 &b 2 8% =, K
WIF3 $215 13.82%, HPN & %2 A3 s 7 W2 #E
WKV R, SPAD 1A 47.67~56.07, “F-#4 l 51.41,
W2F3 Kb & s 78 W3 LK 7~ , SPAD fH -
48.20~52.33, F- ¥ 50.06, W3F5 At # SPAD i £
B E W3F3 5 1.28% (B 2 R A i3,

& 3 A, w2 & & &N 16.20~
21.50 mg-g"', HrA WIFS AbFE iz =, N 21.50 mg- g
5 W3Fs ZRAEE, HEZHm T L. 7
W1 BT, &% &N 17.40~21.50 mg- g ', ¥
N 18.63 mg - g, WIFS kb H & 3 & T WIF3, &
WIF3 B ERE T 18.78%; fF W2 B /K~ , &
HEN 1667~1923 mg-g', F¥ N 1827 mg- g,
W2F5 4B & 5 =55, 5 W2F3 #2117 1.91%;: 71
W3 BEBKF R, B8 &N 16.20~21.03 mg- g ', 1)
N 18.04 mg- g, W3F5 Ab ¥ f% =y , # W3F3 2 35 4
= 16.00%.

g b, vb 7t i SPAD A TE W2 HEBLKF T
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#*3 ARIKIEAIEXT D SPAD AN SR E/HIF N
Table 3 Effects of different water and fertilizer

treatments on SPAD value and nitrogen content of Allium

mongolicum Regel

s A A TE WK R iR, Hodh W2F3 il
WIF5 b3 55 7 R I fe A -
2.5 AEIKAEIERTDBYEE R CRENFE

H & 2 7T LUE H A FIKAEAL B VD A4k 25 C

e SPAD WD - e : o
Treatment SPAD value Nitrogen content/(mg-g") FRAFLEL. WIFS HR4EAER C & E i
WIFI 46.87+3.92 ¢ 17.40+0.53 cde i, 59 mg-100 g', 5 WIF1.WIF2.WIF3 LK
WIF2 54.90:£1.74 abc 17.930.64 cde W2F5 Ab P Z R IA R HEE & T HA A,
WIF3 4823+376abc  18.10+1.74 cde 1E W1EBKCE T 488K C 5N 41~59 mg-100 g,
WIF4 51.83:4.20 abc 18.20+1.32 cde SEHA 51 mg-100 g, Fod WIFS A EEE WIF3 $2
WI1F5 50.20+1.97 abc 21.50+1.28 a %T 5.36%, ﬂ%%? W1F4,T55/ﬂ\:ﬁﬁ5¢fﬂ7§ﬁ‘$
gjﬁ ; ‘S‘ZZ?Z‘? b;’ :Z?;SZ dz B3, 7E W2 KR, RS C S8 N 36~
.60+£7. .60+0. N
o o s ‘ e 47 mg- 100 ", F-¥4 42.20 mg- 100 g, W2F5 4bF
07+631a 18.87+1.70 bed " b W3 S T 4.44% (EA
W2F4 49.97+3.20 abe 18.97+1.56 bed Ei'mf b 47 mg IOOf W F Ve VA” =
W2F5 47.73+3.05 be 19.2321.11 be SEREIA 2 PR . 2 W3 BT T 48R C
W3F1 49.30+1.01 abe 16.20£0.80 BEN27~40 mg-100 g ', ¥4 32.40 mg- 100 g,
W3F2 48.2042.17 abe 17.1341.53 cde W3F2 Wb BEYEA R C S &R, N 40mg-100g', 5
W3F3 51.67+2.86 abc 18.131.68 cde W3F3.W3F4 fll W3F5 &b 2 2 R B % (HEE S
W3F4 48.80+1.93 abc 17.70£1.21 cde T W3F1 kb3,
W3FS 52.33+8.16 abe 21.03+1.56 ab ZE b IEAFE KN, AR ER CHE
70 ¢
Ton a
S 60t ab u
N abe abc
5® SOtd F . b%f % ;
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Fig. 2 Effects of different water and fertilizer treatments on the vitamin C content of Allium mongolicum Regel
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Fig. 3 Effects of different water and fertilizer treatments on the yield of Allium mongolicum Regel

T AR B8R TR G B P
3 WS4t

K FFR A AR KK E I B &
IO 3, 3 Z AR AE B 35 R & ™. AR
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AR . ZAIV B A
BN FAEIES] 17.93 cm.1.84 mm.21.50 mg- g Al
9 004.00 kg - hm?, 5 # Mt A AL FE CW 1F3) 737l 32
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