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Effects of equal nitrogen organic fertilizer substitution of
chemical fertilizer on photosynthetic characteristics and
quality of waxy maize in oasis irrigation areas
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YIN Wen, HU Falong, FAN Zhilong, ZHAO Cai
(State Key Laboratory of Arid Land Crop Science/ College of Agronomy ,
Gansu Agricultural University, Lanzhou, Gansu 730070, China)

Abstract ;: Through field positioning experiments, the impact of the proportion of equal nitrogen amounts of or-
ganic fertilizers replacing chemical fertilizers on the photosynthetic characteristics and nutritional quality of waxy
corn was explored as toprovide a theoretical basis for the scientific application of organic fertilizer in waxy maize
production in oasis irrigation area. In this study, ‘Jingkenuo 2000’ was used as the tested variety. Under the condi-
tion of 300 kg + hm™ of pure nitrogen application, five treatments were set up, including full application of chemi-
cal fertilizer (F1), 25% replacement of chemical fertilizer by organic fertilizer (F2), 50% replacement of chemical
fertilizer by organic fertilizer (F3), 75% replacement of chemical fertilizer by organic fertilizer (¥4) and full appli-
cation of organic fertilizer (F5), respectively. The photosynthetic characteristics of waxy maize at tasseling stage,

grain nutritional quality at fresh ear stage and fresh ear yield were investigated. The results showed that: (1) repla-
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cing part of chemical fertilizer with organic fertilizer significantly improved the photosynthetic characteristics of waxy
maize at tasseling stage. Compared with F1, the SPAD value of F2 and F3 treatments increased by 10.6% ~14.3%,
T increased by 11.7% ~18.8% , P, increased by 11.2% ~17.1%, G, increased by 62.2% ~79.2%, and C, de-
creased by 22.7% ~23.8%. (2) The fresh ear yield of waxy maize under F2 treatment was significantly higher than
that of F1 by 10.4%. (3) Organic fertilizer replacing chemical fertilizer could significantly increase the soluble sug-
ar content and crude fat content in fresh ears of waxy maize. Compared with F1, the soluble sugar content and crude
fat content in F2 and F3 treatments increased by 22.9% ~28.9% and 8.5% ~11.4%, respectively. The crude pro-
tein content of F2 treatment was 10.3% higher than that of F1. In addition, compared with F1, the contents of uma-
mi amino acids and sweet amino acids in F2 were significantly increased by 15.7% ~19.3% and 12.2% ~ 17.4%,
respectively. Among them, the content of aromatic amino acids in F2 was significantly increased by 13.0% com-
pared with F1. In short, the replacement of 25% and 50% chemical fertilizers with organic fertilizers can signifi-
cantly improve the nutritional quality of waxy corn while increasing the fresh ear yield of waxy corn and achieve high
yield and high quality of waxy corn, which is a reasonable organic and inorganic fertilizer application method in this
area.

Keywords; waxy maize; organic fertilizer substitution chemical fertilizer; photosynthetic characteristic; quality;
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Table 1  Nutrient input of different treatments
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Qb P AHULILD] R Base fertilizer Top dressing HAENEHE/ (kg - hm™2)
- Organic fertilizer ~ Nitrogen fertilizer - . °
Treatment ratio/ % ratio/ % P,0. N Fem HEI 1 Total nitrogen fertilizer rate

Big flare period  Filling period
F1 0 100 150 90.0 150.0 60 300
F2 25 75 150 67.5 112.5 45 300
F3 50 50 150 45.0 75.0 30 300
F4 75 25 150 22.5 37.5 15 300
F5 100 0 150 0.0 0.0 0 300
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Table 2 Essential amino acid patterns of standard protein in WHO/FAO

BIERRTNA BEAR  HER  wREdR AR OBER HERCERER RN ER B ER
Aminoacid species Thr Val Leu Lys Met+Cys Phe+Tyr
FrifEE M Standard protein/ (mg - g™') 40 50 70 55 35 60
x3 ARKLETHRERMFEGER
Table 3 Photosynthetic indexes of waxy maize leaves under different treatments
. JidfE] CO, ¥
Ay Ab P AR LA SRR LR Inter«’eﬂulzar Cz
7 i SPAD Transpiration rate Photosynthetic rate Stomatal conductance o 2
Year Treatment - P P concentration
/(mol + m™* +s7") /(pmol + m™ +s7") /(mol + m™* +s7") o
/(pmol + mol™")
F1 44.30c 5.96d 28.91c¢ 0.27¢ 203.96a
F2 51.23a 6.79a 35.19a 0.45a 136.78¢
2022 F3 50.60a 6.44b 32.23b 0.39ab 147.38¢
F4 47.30b 6.30bc 33.17b 0.34bc 179.50b
F5 45.97b 6.15¢d 29.65¢ 0.31bc 191.97ab
F1 42.73d 5.31d 26.04d 0.27¢ 244.58a
F2 48.27a 6.60a 29.16a 0.51a 209.98¢
2023 F3 47.33ab 6.15b 28.80ab 0.48a 194.55b¢
F4 45.93bc 6.22b 27.85bc 0.36b 215.95b
F5 44.67cd 5.55¢ 27.02¢d 0.29¢ 226.09ab

T : S [E)/NG Ry 7R 6] — 47 25 AL BE ) 22 53 .35 (P<0.05) , T Al

Note : Different lowercase letters in the same column indicate significant differences between treatments in the same year ( P<0.05). The same below.
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Fig.1 Fresh ear yield of waxy maize under different treatments
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Table 4  Contents of each nutritional quality in waxy maize grains under different treatments

A0y sl ] TRERE RSy HLVE R HIEH HLAE iy
Year Treatment Soluble sugar Sucrose Ash Crude amylum Crude protein Crude fat
F1 9.96d 3.71b 1.23a 64.92b 6.22¢ 3.85¢
F2 12.94a 4.64a 1.21a 66.14a 6.91a 4.07a
2022 F3 12.78a 4.57a 1.23a 65.89a 6.80b 4.01ab
F4 12.41b 4.43a 1.24a 65.66a 6.51d 3.95b
F5 10.63¢ 4.32a 1.23a 65.09b 6.69¢ 3.92bc
F1 9.58¢ 3.77c 1.24a 66.50b 6.14c 3.44h
F2 12.25a 4.64a 1.23a 67.67a 6.72a 4.05a
2023 F3 11.57ab 4.54ab 1.24a 67.46ab 6.11b 3.90a
F4 11.69ab 4.47ab 1.23a 67.52ab 6.02b 3.92a
F5 10.73bc 4.36b 1.22a 67.43ab 5.54b 3.65b
K5 FAELETHFEERFNA 17 HEEBHESE/ (mg - g')
Table 5 Contents of 17 amino acids in waxy maize grains under different treatments
HULR 2022 2023
Amino acid F1 F2 F3 F4 F5 F1 F2 F3 F4 F5
Ser 0.89¢ 1.06a 1.03ab 0.97be 0.91c 0.67b 0.99a 0.99a 0.91a 0.93a
Thr 0.79¢ 1.06a 0.97ab 0.97ab 0.94b 0.80c 1.00a 0.98a 0.94ab 0.91b
Glu 2.41c 2.89a 2.71b 2.61b 2.49b 2.51c¢ 2.68a 2.63ab 2.59b 2.60b
Gly 0.25b 0.36a 0.33a 0.32a 0.31a 0.29a 0.35a 0.32a 0.29a 0.27a
Ala 2.62b 3.29a 3.20a 3.18a 3.19a 2.50b 3.24a 3.18a 3.17a 3.15a
Val 0.50a 0.53a 0.46a 0.54a 0.48a 0.34a 0.36a 0.34a 0.31a 0.35a
Met 0.31b 0.45a 0.41a 0.40a 0.41a 0.31b 0.45a 0.41a 0.40a 0.41a
Ile 0.22b 0.35a 0.33a 0.35a 0.32a 0.28b 0.36a 0.35a 0.35a 0.33ab
Leu 0.21a 0.20a 0.18a 0.23a 0.20a 0.19a 0.21a 0.21a 0.21a 0.19a
Tyr 0.33¢ 0.45a 0.41ab 0.39b 0.38bc 0.32b 0.43a 0.41a 0.39a 0.38a
Phe 0.47a 0.47a 0.47a 0.48a 0.46a 0.48a 0.48a 0.44a 0.45a 0.45a
Lys 0.47¢ 0.62a 0.60ab 0.56ab 0.53be 0.42b 0.65a 0.63a 0.61a 0.59a
His 0.19d 0.34a 0.31ab 0.28ab 0.27¢ 0.22b 0.34a 0.31a 0.30a 0.30a
Arg 0.38¢ 0.73a 0.63b 0.59b 0.54b 0.33d 0.68a 0.67ab 0.62bc 0.60c
Pro 4.16¢ 4.47a 4.39ab 4.36b 4.32b 4.23¢ 4.56a 4.47b 4.44b 4.41b
Asp 2.21b 3.02a 2.98a 2.85a 2.87a 2.38b 3.05a 3.04a 3.00a 3.01a
Gln 0.11a 0.10a 0.12a 0.12a 0.11a 0.10a 0.11a 0.12a 0.11a 0.11a
S Total content 16.51c 20.22a 19.42a 19.21ab 18.85b 16.38¢ 19.90a 19.46a 19.06ab  18.96b

1 Rl — AT AN R ING PRI Rl — AR A 45 A0 B 22 53 18 2% (P<0.05 ) ;Ser Thr Glu,Gly Ala,Val Met Ile ,Leu,Tyr Phe Lys His Arg Pro  Asp
Gln 73 HIFRR 22 508 IR A AR &R AR AR P RER S 8RR St AR RER RN E R R AR R AR A

B KA A, TR,

Note : Different lowercase letters in the same line indicate significant differences between treatments in the same year (P<0.05). Ser, Thr, Glu, Gly,

Ala, Val, Met, Ile, Leu, Tyr, Phe, Lys, His, Arg, Pro, Asp, and Gln represents serine, threonine, glutamic acid, glycine, alanine, valine, methionine,

isoleucine, leucine, tyrosine, phenylalanine, lysine, histidine, arginine, proline, aspartic acid, and glutamine, respectively. The same below.
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Fig.2 Content of flavor amino acids under different treatment
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Table 6 RC of essential amino acids under different treatments
4y Year AbFE Treatment Thr Val Ile Leu Lys Metand Cys Pheand Tyr
F1 1.83 0.93 0.73 0.63 0.80 0.83 1.24
F2 1.96 0.79 0.84 0.50 0.83 0.96 1.13
2022 F3 1.94 0.73 0.82 0.53 0.87 0.94 1.17
F4 1.93 0.85 0.80 0.55 0.81 0.91 1.15
F5 1.92 0.79 0.84 0.54 0.79 0.96 1.15
F1 1.92 0.66 0.77 0.66 0.82 0.87 1.28
F2 2.01 0.58 0.82 0.54 0.90 0.94 1.21
2023 F3 2.07 0.57 0.79 0.54 0.92 0.90 1.20
F4 2.07 0.56 0.78 0.57 0.89 0.88 1.26
F5 1.99 0.63 0.81 0.57 0.85 0.85 1.22
xR71 FEERXEFUERSEFGBRZEIRNEXREBER
Table 7 Correlation coefficient matrix between yield, photosynthetic characteristics and nutritional quality
$84% Indicator A B o D E F G H I J K

A 1.00

B 072" " 1.00

C 091** 0.75** 1.00

D 0.89" " 0.80" " 0.92" " 1.00

E 0.89" " 0.56" 0.86" " 0.88" " 1.00

F 0.86" " 0.83*" 0.90" " 0.97"" 0.84" " 1.00

G 0.88" " 0.79" " 0.87"" 0.96" " 0.85"" 095" " 1.00

H -0.87** -0.76"" -0.83"* -091"" -0.86"" -0.84"" -0.86"" 1.00

I 0.87"" 0.84" " 0.90" " 0.90" * 0.74* " 0.88" " 0.88" " -0.86"" 1.00

J 0.82"* 0.76"* 0.85" " 0.94" " 0.84"" 093" " 0.87"* -0.89"" 0.89" " 1.00

K 0.64" 0.74* " 0.72"* 0.84" " 0.77" " 0.80" " 0.80" " -0.84"" 0.70" * 0.77" " 1.00

E:#H A B.C.D.EF.GH.1J KSR HGER & i M A5 S i IR i a0 P VM & R & i A R Aot e iR
JEIE] CO, MR AL G ARR R Gk SR 4, o+ FORMBFAMK KR (P<0.01) , * TR BFMIKIKLEFR (P<0.05)

Note;: A, B, C, D, E, F, G, H, I, J and K represents crude starch content, crude protein content, crude fat content, soluble sugar content, su-

crose content, transpiration rate, net photosynthetic rate, intercellular CO, concentration, stomatal conductance, relative chlorophyll content, and fresh

ear yield, respectively. # * indicates an extremely significant correlation (P<0.01) and * indicates a significant correlation ( P<0.05).
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