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Parameters Related to Nitrogen Utilization and Yield
of Winter Wheat/Summer Maize
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Abstract: In this study, according to the issue that the nitrogen supply response characteristics of winter wheat/summer
maize across whole year in Hebei plain is needed to be further clarified, the effects of different nitrogen distribution modes
on nitrogen uptake, related physiological parameters and yield traits of these crops were investigated. The results showed
that compared with control (CK, the ratio of basal application to topdressing 5:5), the population leaf area index (LAI) and
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dry mass of wheat and maize increased in treatment 1 (T1, the ratio of basal application to topdressing 6:4) at early growth
stage (jointing stage). In addition, the photosynthetic parameters (Chl content, Pn and gs), nitrogen content and nitrogen
accumulation, nitrate reductase (NR) and glutamine synthase (GS) activities were also increased. However, the above
population traits, plant photosynthetic parameters, nitrogen uptake and accumulation, and nitrogen assimilation enzyme
activities during the late growth stages of this treatment were worse than those of CK. In contrast to T1, the above traits of
wheat and maize in treatment 2 (T2, the ratio of basal application and topdressing 4:6) were worse than CK at early growth
stage, but significantly better than CK at the late growth stages (flowering to maturity). According to the yield behavior at
maturity stage, the ranking of the treatments was shown to be T2>CK>T1. Gene expression analysis showed that the
expression levels of NRT genes TaNRT1.1 and TaNRT2.1 in wheat and NRT genes ZmNRT1.2 and ZmNRT2.1 in maize
were involved in nitrogen uptake at flowering stage; those of wheat NR gene TaNR3 and maize NR gene ZmNR3.1 were
tightly associated with nitrate reductase (NR) activities; the wheat GS gene TaGS2.2 and the maize GS gene ZmGS2 were
related to the activities of glutamine synthetase (GS). These results indicated that the expression levels of these genes had
crucial effects on the nitrogen uptake and assimilation characteristics of wheat and maize plants. Our investigation
suggested that T2 treatment significantly enhanced the expression levels of specific genes associated with nitrogen uptake
and assimilation. It improves the nitrogen utilization and related physiological parameters during the late growth stages by
which to enhance the nitrogen efficiency and yield formation ability of the winter wheat/summer maize plants.

Keywords: Winter Wheat / Summer Maize; Nitrogen Allocation Mode; Nitrogen Uptake and Assimilation;
Physiological Parameter; Yield
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Table 1 Information of genes in nitrate transporter family and those in nitrogen assimilation families as well as related primers used

e R | EEARK | GenBank BRE5 | EEREIY (59 RE5#% (5°-)
TaNRT1.1 | AY587265 GCATGCGAAGCTTATGTATGG TCAGCCCAGCCATCATCAGG
TaNRT1.2 | AY587264 TGGCAAGGAC CCCAGTACTT GGTAATTTCCAGCCGAGATGTT
TaNRT2.1 | XM_044549979 GGCATGCACTCTTCCCGTCG TGCCACGTTCCGAGCGGGAG
TaNRT2.2 | LC278396 C GGCAGGCGCAACGTCATCC ATTACGCTGGGGCTGCC
TaNRT2.3 | AY053452 CCAACAATACACCCCAGCATGT CGCAAAACCAGCGTTTCCTT
TaNRT2.4 | XM_044587118 CTCTCCCTGTGGCGCTCATC AGCTACCCAGCTGCCACATC
TaNRT2.5 | AF332214 CAACGTCATCCTTGCCACGT CACAGGTACCTCGCATGCGT
TaNR1 XM_044588517 A GGAGGAGCTCCTCGAGCG CGCCTGCGATGCCGTGAGG
TaNR2 XM_044572310 TCGCCATCACGCCCAACCTG TCAAACAGGGCCTTAGTTCTCT

E TaNR3 XM_044561748 GAACCGTATGTACGTGCATG CCCTCAACCGAAGCCGCGTA
TaNR4 XM_044554492 CTC CTCTCTCTAGTACGTAGCA CATGCACGTACATACGGTTCTC
TaNR5 XM_044551303 GAGAACCGTACGTGCGTGA TTCACATCCTTGCTGAGGGG
TaNR6 XM_044558374 CGCGACAATGTTTAGCTGTAC CCATGGCCGATTTGGCCATC
TaNR7 XM_044548566 GGCTGGAAAAGATGGGGTACGA GCACTCCCATGGCCGATTTGG
TaGS1 XM_044564830 CCGTTTCCGTTTGGTTGCATA CTTGTGTGTTTGACACGCCTC
TaGS2.1 JF894116 CGAGGCTGTTCGTCCGTCGT CAGGGATTGTACAGACCCAAC
TaGS2.2 KY640323 TCGCTGCCAAGAAGCTGGCG TACAGACAGTGCCCCGACGG
TaGS3 XM_044558079 GTGGCCATTG GAGGATTTGG GTAGTCCTGTGTGTTTGACACG
ZmNRT1.1 | NM_001112455 GACGGCATGAAGAGCCTCG G GCCCTTGTCCAGGTCGTCGG
ZmNRT1.2 | AY968680 TCGGCGTGGTGAACCTGCTG GTGCCAGCCTCGTGACCAAAT
ZmNRT2.1 | XM_008646941 GCGTACGTACTTGTAGGTTCTG GACGTACGTGTACACCGATCCA
ZmNRT2.2 | AY559405 CGCGGGGCTCACGCAGCTGC TGCTCTTCTCGTCGTCGTTCC
ZmNRT2.3 | XM_008658573 GC AGCCAGTCCAAGCACACTA ACCACACGTACGGAGTCATCACGA
ZmNRT2.4 | XM_020550601 TGTGCACGCTCCCGCTGGC CCGTTGCATACATTTGTTCCTC
ZmNR1 AF153448 ATGTCCGAGGTGCGCAAGCAC TCCTCGGTGCAGTCGGTGCC
ZmNR2 NM_001305856 CGTTGGAAGGATACTGTAAGGTTT | CATGTTGCACATTCCGAGGGC
ZmNR3 XM_020538578 GCCGAACCTAGAGAAGATGAA ACACACATTCCTCCACTGGGG

FoK ZmNR3.1 | NM_001175872 GCTAACGGATGTCGTCAAGGT GTTCTAGCTAGATCGACGCGT
ZmNR4 ZMU20450 CGCCTTGACGAGTGGAAGTAC AGAGCAGAGCCAGCGTGCC
ZmNR5 XM_008666285 GATGCACCTCGTCTACGCCA ACTTCCACCCCTCCTCGGGG
ZmNRG6 XM_008681046 TCGGAAGCTTTGGCTAACGAAT CCAATACATCTCAATCATGGCC
ZmGS1 X65926 GGCATGATCGCCGAGACCA GTTCCCGAGCAATACACTGGAG
ZmGS2 MZEGS1D ATGCGCATTCTCGAGGGAGCCCA GTTCCCGAGCAATACACCGGA
ZmGS3 MZEGS1C ACACCACCATCCTGTGGAAGG GAGCAGTACACTGGAGACCG
ZmGSs4 MZEGS1B AAGCCCTGAGG GCTAAGGCG ACGACGACCTGACCCCCGG
ZmGS5 MZEGS1A TGAGGCAT CCCGTGGCCG T GCTATGCAGGACTAGCGGTAG
ZmGS6 EU963258 GCTGA AGGATGGTTC AGGCA ATATCCGATGAACCAAAGACAG
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Figure 1 LAI and population biomass of wheat and maize cultivars at various growth stages under different treatments
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Figure 2 Photosynthetic parameters of wheat and maize cultivars at various growth stages under different treatments
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KA TAFEESN) KRBV E 5 T MR, BIEREL
NN BT T AR ARG TR D, (HZ AR b K
FRIE, TREMPER CKitm, H EARMHIRS CK

2R IERRZ KT (R 2) . RYPHRERREZ
% 7 A OB AR B R RLRESR RS 1, RERE 98 Y
TKHRFE AT A& /N FE RN FK A P BT B RE T

R 2 AFI AL ALER /N ZE TR bRl AL B 7 B R A 3R AT

Table 2 Combined yield components and yields of wheat and maize varieties treated by different fertilization treatments

Y sl ¥ (F/hm?) TR (D) THRIE (9 =& (kg/hm?)
CK 796.50b 29.77b 44.50b 8968.95b
114 086 T1 819.75a 27.17c 42.74c¢ 8091.45¢
T2 785.60b 31.13a 46.33a 9385.65a
CK 6.54a 553.59b 340.62b 10479.45h
SEK 1466 T1 6.54a 549.14bh 330.50¢ 10084.95¢
T2 6.52a 575.56a 346.45a 11048.40a
HEFERETI[28) AWFRERM, NER T KFNE P
4-ﬁ$@ NRT FiEm i, iE/N3E TaNRT1.1 1 TaNRT2.1. &

RALIE % 7 AN &N ERE TR R A KR B R
ML BEUREE R T 5 AL P e 1 LA SR [21-24]
DAL it FH 4% FH - 398 v (R 20 3R LT 5 49 R 8 o /K R VB
MR IRZ LR, AR TE AN IR A I A AR A
A, RAEGEHMBANEATR, mEafE. &
HRECIE LA AR Tl i 2 R K 2 — A S it e A R
SRAE R ER R RCR, SRR R T R R
71121, 25]0 ASHFFCEF S AL R X AR AT K T R s
FEEAR, W T AR 43 B R R A 3
Hy CRARIRTD ) A A& /N TR T K A A2 A R AR
YA & W BTN (LA FTBHMAT R . kot e
BRIFIA . 3 W SORR B8 AR AN 2 TR AR 1 ) S
SERE], RAEEMEIEHEE (T2, KEZRRLG)
4:6) HAT W ESCER KA e AR ok
HRESIRNE /NI FKAEROR B R . 5 CK (KB
REFE, 5:5) MMKEIBLAIE (T1, KERKILEG
4:6) ML, ZALFE T AN ERE TR R EER .
R, SR & MR B R R s B 7 A B T olg
JEF J5 X Ve T A /N 22 B K A 7 T K AR
FUTHHEKRETFEMARER, AT RIES
TEVIA: = RE ST TE

VEPIRE R T 1398 b 1) 20 R R A B g DA R Wi &2 A
AN R R, ALMBERMEEHE, 5
PFRA L HAAL MR LR EEA
(NRT) i E RIS 5 I % VA6, 27]. s
NRT S5 R S A= B 38 ok A 3R R A KA o i PR
#h (NOs) WA &K e A A 3% B [a] (O e is ROR
DO ARG RS IR MR 28 B 2 LA 5 T4
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K ZmNRT1.2 1 ZmNRT2.1 /E AR R B R 4 Bo A HE R 2%
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CK, TifE T2 T CK. iR Ik [RIAE A A b A )
SEAE S R A0 &N 2 AR K R AE AR A R
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AN IR TR IR AE & 5 B2 ORI AR SRR 1Y
o, 5 AR 2R RIEN NRT SR R FE A
I Ko b — 20 ) B IR BE R & PR B R K
ST (R AL S AR D RE, o e — 20 B R R
R IZ 7 IR AR bR A R KR

THIRICJERE (NR) A& Bt G il (GS) Ak
IR IR A 10 23R TR AR AR OGBS [29] . icste 1 iR g
AL TETERE A SRR RIS ) NOg M 24 R I 41K,
TR AR AR LA RR[30]. ABFFLRI, AREED
Be AL B N AR A/ N2 TR S A S A B I AR NR
GS JE M 5 FEIAM LA S4 (Chl &, Pn Al gs) .
FEARTEIR (LA FIEAT TR DAA SRR 2
TRLEM 'Y, R R FE RS 2
ZRNR R BT s, 3w R A AR A
VIR A T=RE 7 AR BB . BN N 2R RO R R
NR 1 GS KRB A [ RE 5, AR EdkFh s
HREE NR T GS KM, BFE/NEE NR KEEEH
TaNR3 Al GS FJEHK TaGS2.2. EKk NR FjGkH A
ZmNR3.1 Fll GS FJEHE K ZmGS2 L9 % F R ik,
H FIRFERFEFF AR e e A F S RN NR &%
J GS iEMHE VI, Kk, FEe/hEMEK NR Al
GS F R I IE I 7R 5 K N IR R R R K
Z 5R R FACERRE R, A mA NI
T KRB EAIMEIR . BB R IR AR P BT A
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