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Effects of partial substitution of chemical fertilizer by bio-organic
fertilizer on the growth, yield and quality of asparagus lettuce

ZHANG Yingchun, XIE Jianming, YU Jihua, TANG Chaonan, WANG Cheng
(College of Horticulture, Gansu Agricultural University, Lanzhou, Gansu 730070, China)

Abstract; In order to improve the situations of the excessive application of chemical fertilizers resulting inre-
duced vegetable quality, low fertilizer utilization rate, environmental pollution, and so on, a field experiment was
carried out using combined application of bio-fertilizer with chemical fertilizer to explore the potential of it in vegeta-
ble fields and the effect of bio-organic fertilizer, and provide a scientific basis for reasonable fertilization.In this
study, asparagus lettuce field experiment was conducted to investigate the effects on yield, quality, photosynthesis,
and fertilizer contribution rate under different combinations. Six treatments were as follows: non-fertilization
(CK1), 100% chemical fertilizer ( CK2), 80% chemical fertilizer with 200 kg - 667m™> bio-organic fertilizer
(T1), 80% chemical fertilizer with 400 kg - 667m > bio-organic fertilizer (T2), 70% chemical fertilizer with 400
kg + 667m "’ bio-organic fertilizer (T3), 70% chemical fertilizer with 200 kg + 667m™> bio-organic fertilizer (T4).
The results revealed that the combined application of bio-fertilizer with chemical fertilizer treatments increased in

different degrees the plant height, stem height, and stem diameter of asparagus lettuce in comparison with CK2,

Yr#5 B #A:2019-01-13 &[5 A #7:2019-02-28

E& WA WRELSHE IR (2016YFD0201005) ; H i 4 51 5 BHE Q18 & Jé 4 1% 4 500 H (2018ZX - 02) 5 H it 4 B8 5 K % T i3
(17ZD2NA015) ; Hlt 8 JRSE =Ml 4 AR A 2 B I 9 4x (GARS-GC-1)

EE BT A (1992-) , &, HMNSKIRA, BEFR A, F2MNF RIS ARG E B 5 A KIS . E-mail : 1334200316@ qq.com

BEEE WM (1970-), 5, HRHAA, g2, WA, EEMFEREMEEAWATIY, E-mail : xiejianming@ gsau.edu.cn



51 GISULESS RE E Y/ SRV U8 9 e =X AW A i LS I 2228 IS = WX g AL 67

and T2 was the most significant. Compared with 30% reduction of chemical fertilizer (T3 and T4) treatments, the
20% reduction of chemical fertilizer (T1 and T2) treatments significant increases root growth and root vitality under
the same conditions. The content of photosynthetic pigments with T2 treatment increased by 17.32 and 1.74% com-
pared to CK1 and CK2, respectively. In addition, the net photosynthetic rate and transpiration rate in asparagus let-
tuce treated with T2 treatment were the highest, with increased degree ranging from 6.90% ~9.35% and 6.26% ~
58.64% , respectively. Compared with CK2, the yield of T1, T2, T3, and T4 increased by 4.76%, 15.31%,
11.06% , and 4.11%, respectively. And the yield of T2 was the highest at 8 277.00 kg - 667m™*, and its economic
benefit was 11.64% higher than that of CK2. The supply of 100% chemical fertilizer exceeded the crop demand,
and the balance of supply and demand was broken, which leaded to waste of fertilizer. The contribution rate of fer-
tilizer was significantly improved by combined application of bio-fertilizer with chemical fertilizer. The content of ni-
trate in stem and leaf decreased with decrease in chemical fertilizer usage. Additionally, the contents of soluble pro-
tein, soluble sugar, and vitamin C increased with applying biological organic fertilizer. Therefore, the 80% of con-
ventional chemical fertilizer with 400 kg - 667m™> bio-organic fertilizer progress of photosynthetic capacity,
improved yield and quality in asparagus lettuce, which was a good fertilization mode to realize the rational allocation
of fertilizer resources.

Keywords: asparagus lettuce; reduce fertilizer application; bio-organic fertilizer; growth; quality; yield ;fer-
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Table 1  The amount of fertilization of different treatments in the experiment

b3 AP/ (kg - 667m™2) TEIE/ % N P,0;5 K,0
Treatment Bio-fertilizer application Chemical fertilizer level / (kg - 667m™?) /(kg - 66Tm™?) / (kg - 667m™2)

CK1 0 0 0 0 0

CK2 0 100 51.50 42.30 42.30

T1 200 80 42.70 34.70 31.50

T2 400 80 42.70 34.70 31.50

T3 400 70 36.10 31.30 27.50

T4 200 70 36.10 31.30 27.50
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Table 2 Effects of different fertilization treatments on the growth characteristics of asparagus lettuce

S UL

K2 AEMERAENEFEKBHNE cm

b3 RS ESS IEoNHIE-ViI Ty 22 LSS HOM
Treatment Plant height Stem height Maximum stem diameter Apical stem diameter Root height Root diameter
CK1 60.83+1.44d 41.00+1.47d 5.37+1.11d 2.58+0.42d 14.47+0.54d 3.89+0.31be
CK2 62.77+0.37¢ 43.77+1.05¢d 5.84+0.87¢ 2.67+0.20cd 16.53+0.48¢ 3.79+0.57¢
T1 63.63+0.42bc 49.40+1.04a 5.85+0.80¢ 3.07+0.25a 19.10+0.08a 3.98+0.36ab
T2 65.63+0.19a 50.67+0.60a 6.30+0.32a 3.05+0.79a 18.37+0.17ab 4.06+0.32a
T3 64.77+0.73ab 46.13+1.65bc 6.08+1.41b 2.68+0.50¢ 18.93+0.39a 3.81+0.76¢
T4 64.60+0.79ab 47.77+1.82ab 5.78+0.80¢ 2.83+0.29h 17.53+0.48b 3.67+0.81d

TE AR T RERR 7R A B ) 22 S i 3 (P<0.05) , IR,

Note : Different letters are significantly different among treatments at P<0.05. The same below.
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Fig.1 Effects of different fertilization treatments on root

activity of asparagus lettuce
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Table 3 Effects of different fertilization treatments on

photosynthetic pigment content in asparagus lettuce leaves

LTS Yok

i MK a MR b ESTIE AN
Chlorophyll .
Treatment ~ Chlorophyll a  Chlorophyll b + Carotenoid
a
CK1 1.761+0.046¢  0.582+0.048b  2.338+0.077¢  0.404+0.029b

CK2 2.051+0.069ab 0.650+0.034ab 2.696+0.103ab  0.409+0.026b
T1 2.084+0.077a 0.648+0.027ab 2.728+0.095a 0.420+0.007ab
T2 2.089+0.051a  0.659+0.030a 2.743+0.067a 0.433+0.014ab
T3 1.989+0.007ab 0.616+0.005ab 2.600+0.005ab 0.419+0.012ab

T4 1.942+0.037b  0.596+0.012ab 2.532+0.034b  0.456+0.013a
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Table 4 Effects of different fertilization treatments on photosynthetic parameters of asparagus lettuce leaves

b Bt G ER Pn SALREE Gs ZENEER Tr IR COL I Ci
- Net photosynthetic rate Stomatal conductance Transpiration rate Intercellular CO, concentration
T'reatment B o o B
/(pmol * m™ «s7) /(mmol + m™ +s7") /(mmol + m™ +s7") /(pmol + mol™")
CK1 13.17+0.90d 272.67+12.26d 3.53+0.33¢ 217.33x15.17¢
CK2 17.50£0.22bc 386.33+21.85¢ 4.73+0.12b 298.67+15.97a
T1 18.40+0.22ab 495.00+39.91b 5.27+0.45ab 233.00+13.74bc
T2 19.67+0.52a 562.67+12.68a 5.60+0.54a 224.67+11.44bc
T3 17.27+0.86bc 453.00+17.38b 4.93+0.12ab 241.33+11.15be
T4 16.40+0.59¢ 449.67+35.12b 4.83+0.12ab 255.67+16.42b
T2 AbBE, mfrp T4 AbEEAGAE IR R & B B E KT T1 £S5 FEHARANIERT B % Fm B0 LA ST Ek R A B0

AbER, R AR BT B R P R AR E R T
TER—AL BT, B 2R i A 3R C Rl P

Table 5 Effects of different fertilization treatments on yield and

fertilizer contribution rate of asparagus lettuce

7 PR T T

FAEHEEA NS IR T, 22 rh4Ed R C 4b 3 . e o N
Treatment Yield Ratio of yield Fertilizer contribution
i")]u T2 ﬁﬁﬁ%% , T1 {KZ , H%%Z“ﬂ%%i%‘ s reatmen /(kg - 66Tm™?) increase/ % rate/ %
I E ST CK2, WA VUL AR, fRE Ez 3(1’3:33(1 - o
. C - .
o B ; h N =1
D 20% WAL BRAE R 58 C 3 R T U 30% 1Y T 7520.00be 4.76¢ 19.73¢
WP, H2ESRE ., MEMEIEAL KT, WA T2 8277.00a 15.31a 27.07a
*ﬂﬂﬂﬁﬁﬁﬁ%ﬂ\] 400 kg . 6671’1’1_2 H(Jﬁ}ié&/:t{% C E/‘J/F‘? T3 7972.00ab 11.06b 24.28b
SN . _ T4 7473.00bc 4.11¢ 19.22¢
IR E S T HEN 200 ke - 667m > FIALFE,
x6 AREMEELENEHFENRRMNZM
Table 6 Effects of different fertilization treatments on stem and leaf quality of asparagus lettuce
AbF fiF R AR i e CIRS i AR
Treatment Nitrate/ (mg * kg™") Vitamin C/(mg - g™!) Soluble sugar/% Soluble protein/(mg - g™!)
CK1 278.3+12.8d 0.186+0.008e 1.41+0.05d 0.890+0.022¢
CK2 492.3+13.9a 0.199+0.010e 1.90+0.03¢ 1.088+0.034bc
2% T1 414.2+12.5b 0.331+0.010b 2.18+0.04b 1.349+0.016ab
Stem T2 398.9+13.8b 0.395+0.007a 2.70+0.05a 1.511£0.019a
T3 361.7+17.6¢ 0.259+0.009¢ 2.08+0.05b 1.190+0.022bc
T4 387.0+£13.5bc 0.209+0.004d 1.89+£0.02¢ 1.158+0.014bc
CK1 226.4+12.5d 0.326+0.007e 2.17+0.03¢ 1.586+0.026¢
CK2 397.9+13.9a 0.433+£0.013d 2.32+0.04bc 2.014£0.010ab
i T1 358.4+11.1b 0.635+0.010b 2.76+0.06ab 2.122+0.024ab
Leaf T2 336.5+13.5bc 0.680+0.008a 2.95+0.07a 2.218+0.040a
T3 314.5+11.5¢ 0.623+0.012b 2.74+0.02ab 2.054+0.020ab
T4 328.8+13.1¢ 0.568+0.011¢ 2.46+0.07bc 1.907+0.044b
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Hi & 7 WAL, A [ A Ak B G 5 4 7 (| HEUR)
AR A MG T 5 A 25, kg 44
Hiu B AN AS BRI, TR B R R TR AR I 22 B AL
it o BCHEAE YA HUIE Y 25 b 31 58 F 22 B a8 4 45 CK2
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Table 7 Effects of different fertilization treatments on

economic benefit of asparagus lettuce/ ( yuan + 667m™>)

A3 FEE NERHEA YA
Treatment Output Fertilizer input ~ Economic benefit
CK1 15091.12 0 15091.12
CK2 17945.00 414.28 17530.73
T1 18800.00 721.78 18078.23
T2 20692.50 1121.78 19570.73
T3 19930.00 1078.73 18851.28
T4 18682.50 678.73 18003.78

1 :N.P,0s A K, O 94543514 2.50,0.75 JG « kg™ F11 6.00 JG -
kg™ AR BUILHIMNAS 9 2.00 IC - kg™ 5 BEFHMAE N 2.50 6 - kg™

Note: The prices of N, P,0s, and K,0 were 2.50, 0.75 yuan -
kg™! and 6.00 yuan + kg™', respectively; Bio-organic fertilizer was 2.00

yuan - kg™'; The prices of asparagus lettuce was 2.50 yuan - kg™'.
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