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Effects of Different New Types of Urea on Winter Wheat Yield. Quality, Photothermal
Physiology, and Nitrogen Absorption and Utilization Characteristics

WANG Minghua, LI Meng, ZENG Chong, WANG Mingteng, CAI Jiaming,
ZHANG Shuntao, LI Lantao, WANG Yilun
(College of Resources and Environment, Henan Agricultural University/State Key Laboratory of High-Efficiency

Production of Wheat-Maize Double Cropping, Zhengzhou, Henan 450046, China)

Abstract: To provide theoretical basis and technical support for the promotion and application of new
types of urea fertilizer, field experiments were conducted in Xuchang City, Henan Province from 2024
to 2025. Under the same nitrogen application rate(210 kg * hm ?), five urea treatments were set up:
ordinary urea(T1), humic acid urea(T2), controlled release urea(T3), stable urea(T4), and coated
urea(T5). The effects of different new urea applications on winter wheat grain yield, quality, plant
canopy temperature, chlorophyll, enzyme activity, nitrogen absorption and utilization, and soil avail-
able nitrogen spatial distribution were analyzed with no nitrogen application as the control(CK). The
results showed that the application of the new urea types significantly improved the yield and quality
of winter wheat, with T3 treatment showing the best effect. The grain yield, starch content, soluble

sugar content, and protein content under T3 treatment significant increased by 2. 90% ., 29. 64% .
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34.38% and 18.45%, respectively, compared to T1 treatment. The chlorophyll content and activi-

ties of glutamate synthase, glutamine synthase, glutamate dehydrogenase, and nitrate reductase in

wheat increased under T2 — T5 treatment, but the average canopy temperature decreased, and T3

treatment showed better results. Compared with the T1 treatment, the apparent recovery efficiency of

nitrogen, agronomic efficiency of nitrogen, and partial factor productivity of applied nitrogen under
the T3 treatment increased by 27.01%, 2. 88%, and 14. 42%, respectively. In addition, T3 treat-

ment effectively increased the available nitrogen content in the 0—100 cm soil, enhancing the soil in-

organic nitrogen and absorption accumulation efficiency of winter wheat soil. The application effect of

controlled release urea was the best in this experiment.

Keywords: Winter wheat; New types of urea; Yield; Photothermal physiological characteristics; Ni-

trogen absorption and utilization

NIRRT E SR FEREY Z — R 2Rk
V2R PR S EAE Y . 2023 4F A FE /N 22 1 il AR
ik 2.36X10" hm®, B4 13 659 J7 t, 76 B R
£ 1) Fve T REURT = R 7 290 2096, R
PR BRAR R E KR L2, NE R
£ I TR R 56 Tl 4R At R R, S
Rl e kI, BEMEREMITE XN
EEH.TYRMRE RELAFEEXEED,
SR vV B RE R B8R AN 2 30 %6, i IR T
KRS (50 % ~ 60 %), H 2403 1 B &N
LERFIE M 4 A5 o A S 5 B0 A Sk
VL5 R AR e S AR A I N, L R A
HE R FH AR 8 R TS G B BAR AR L iR £F
il DL B AT 55

T PR 2R AR AT G PR 2R Ay 3 5 S 0 R
Ty RE M B S5 4 T 208 1) 003 0 2 K 5% 43 R i
L DA AR St R b xR 80t AT 7 SR Y 0 R AR A
JES . BAIR R E BRI IR R AR E
FEVEIRZ R MR IR 2R A 2R A0, 45 0% IR R Gl o AE
TR AT R PR o AR L R B A R
Pk HELE % A BRI RO WFgE R it
P R PR ZE AL g b 25 48 i & /N 22 7 i F R 3= R
ROLRBA AL A AT R . WK E
AR A R e s B 1 B A R RR SR 4
VEWI 3% 45, AT 35 55 7 106 & A 7 e ) R T4 o
FLEM . Ma &80 2, W R A A T4
/N SR R R R IR 2 R R A
Ba WARE R, A R TR R A AR T R
M DR 2% 38 2o in A Pl 0 ) K 0 ) 7R R A
% RN AT R $2 5 AU A &00C% S B AR U it
FHB IR B KB A8 A0 1 55 48 L it AR
EMEIR BRI /N AR KT, B35 e - &

R R SESR o 5 o R AR R R 2R I3 2o A PR B R
b B R AR L O DRSS SR AR e AR
PR IF A BRI AR B SR AT
WFFEIN N L AR R IR 2R BEA S fe E & /N A A
EUR SR RIS I

FURT O A K T 3 — i B R R AR 7
i LA R T R WA T TS L (H BRSO [ R R R
MR E XA N AR A KR T R AR
A 8 W) T 58 Wi 5 D T ) A R A AT AN
()8 2R PR 2R 0 /N 7 L O il A B R
BRSO 45 757 T 255 8000 B8 4R 3t A XA
BT AT DL T X & NE X R
GEVEAL I AR IR 3R B IR R R TR R R A% R
PR 2R A5 A [R] 7 2 bR 3R Xf & /N2 7 ik L RUR TR
WA B BB 6 A BRRFAE 1 25 A 8806, DAY
Sh R B DR R A TS AR A B A

1 ##E5F&*

1.1 I H R

2024 4F 10 H = 2025 4F 5 H T4 F &
T (34°08'N, 113°48"E) JTJ# /N E KB AE L 4F
FfAE 1) 50, 3% M X @ B R A K B AR KUK
i A3 16, 4 °C LA K i 649. 8 mm,
SRR H BRI 2 065. 6 h, 3R K 1% ORI
K EARE LA 1, (R B .0~ 20
em H¥EpHEN 7.56, 2F &1 0.70 g » kg ',
APLBTE 21,18 g« kg ' A RUBEE B 15. 76 mg -
kg 'L HACHR &R 110.70 mg - kg | LESAS®
10. 66 mg * kg ' AHAA i 15.34 mg + kg ',
1.2 K&t

I I 6 A b B, 43 51 o ANl R (CKO |
W R E (N & 46.4% . TD JEHIRIRE R E



561

T W AR AT < N [R)H 28 PR 3R %o A /NS 77 L BT L Ol A B T R R SR P R A 1 © 787 -

AN 0. 22 % YRR . N 4 46 %, T2) (F8k
PRZE R ZE A 722K i o F A AR il A 3 0%
K5 T B R B WD R LN o 45%, T3)
S R (PR 28 v ¥ m R il 400 0 70 o S04 % 0 o 3R
=50% ,N & f 46 % . T4) FAL I R % (R & 4
RAEY R AR M ZEBEM N &
45%,T5) . Bk CK Ab, HoAx b ¥ 2 & 210 kg -
hm ™25 2 A0 B P Bk (P, O, V8 (K, O) it FH & — 2L,

—— HIRE Average daily temperature
- HEEEE Minimum daily temperature

SRR 210,90 F1 75,0 kg « hm %, . 4 A8 2>
B R i WE R S (P, O & it 12 %) L8 (K, O
A 6020) T A AT ARL B T/ A2 46 A I — v i
Ao PHE/NE A OB 916, B &R 225 kg »
hm ™, /NXTAF 30 m?(5 mX6 m),3 IREX , [
HLIXZHHER) . /NE T 2024 4E 10 A 20 H #& b,
2025 4 5 H 28 H gk, H B4 #E 5 24 #b 5 A
FE—E,

—— HE&ERE Maximum daily temperature
B [%/K & Precipitation

{8 Temperature /C

-20 s b o . 1

300

%7K B Precipitation/mm

1 |I M I 0

2024/10/20 2024/12/2 2025/1/15

2025/2/28 2025/4/13 2025/5/29

H #(&/H/H) Date(year/month/day)
B1 2024—2025 FEFHKBMSIBESHEKE

Fig. 1
1.3 HEHRNERFZE
1.3.1 2 hH&mme

BT /NI P X GE SR 5 m® ARl
W r= o, /N WK G K kR & T HE4E 105
CTAFH 1 h, 80 CHET/FEFE, RN H,SO,-
H, O, & WL E Z L E 2R & a . Fr b
R =R S X5, 7, R B kg
KPR ATV R VE R
1.3.2 ¥ FssENE

S NEARFNRT R AE 0~20 cm LRl 4 HERE S
SR AR 122, 5 B b i I + 48 pH {E; R H
A% R S 45 1 -4 0 Bk T A LT L SR AL
ERAEW 2 + 2 A& & R NaHCO, &
PE-EHEE Mo T A RLRE Y & R
NH, OAc 12 #&- Kk 6 BE 3 D 2 30l & &t .
A3 TV AR T I R R s, R 0~
100 ecm REMHEM. B 20 cm 48 1A LEH
KCl 2 £ - My W L 03 0 e 2 8 A & & H KCl
- B L o 3 0 i A AU o FHEILIR E A
P E AR

Temperature and precipitation at the test site during the growing season of 2024—2025

1.3.3 HM#HHERRESMZ

O3 T4 /N 22 T 0L AR T S L R0 R
WL 4 /ANXCREE 1 m UL M L R R R L 2 %
BT ERE, RAK H,SO,-H, 0, {HZ&, 8l
REFEMEMMKEA SR, TELRSEEFH
11:00—13:00 [A] 5k FH 41 4h $1 B 142 A2 (TiX650,
Fluke, USA) M 4 /N 22 56 2 8 B . 0 & B, A6
MBSk e 2 20 1.0 m IR 60°FAH .
NXFAHE 2 5K B AL R XA A7 SmartView %K
AT 28 /N2 5 2 ek B R AT 43T

30 TV BT IR S L A A /N XA
3MRAMRPEM MR, WU B o8 A R I L 4K
3 R0 R R BB b 2 e k4R L SR KO L BY
e PR 0.1 g it A% A 50 mL 95 % £ BEfR
ORI ROGHE 48 h 5 AN
M %E 665 nm, 649 nm Fl 479 nm &K F %G E
HatEg RS, T LA & /NXEE 3
PRI 5] A RR ML /NEZ AR REDRETE
MR 25 BRI K L 8 9 AR A 4 0t TR VR L R
IR & e 7 E R A B (GOGAT) 43 2 Bt B



. 788 - # K F W

EE %46 &

G (GS) A Z R B = [ (GDH) | fiFf 1R iE ) il
(NR)7E .
1.4 HELEBSHH
141 &b E I BOKk A A 45 4731 5

My b BB AR R R = kR T O R A =
+REFF T E XA S =

FUEZBLA R (NUE) = il & X #_E 3B &
FHEE -CK Kb EHAREHRD) /iR &= <
100% 5

RIEA 23 R (NAE) = (jifi & X 7= 8 — CK
X =) /il A

R A 7= F1 (NPFP) = jifi 20 X 7= & /it &

=

i
1.4.2 Logistic ¥ A I & & A+

ZNEFR o R R L B ST AL & AE AL A
4 Logistic R, AHF 55 K A Logistic 7 X A
[Fi] 4b 3R A% /N 22 R R AR BT W) o AR Rk AR R AT 4D
B RN S TR RSy =K/[1
e ], AP KLiab WER L.y ha RIG4L
INERZRE R o HRERE RE.

XF Logistic J5 2 #E 475K &, 45 R om A R M
TR AR R IR W G B DD R R
SEERH Iy s BT &) PR R R Y R SE Y [A]
(Ar By &) e R R R H A (T, AL
N D ERBBBE WV, BN kg« hm # -
d D CFH R E R (Vo B0 kg« hm -
d Vit =C(Una —1.317)/bst, = (lna +1. 317)/
biAt=ty—t13T e =1na/b; Vi =Kb/4;V poun =
Kb/6.,

1.4.3 HELE
BUPE A SZ FH Microsoft Excel 2021 %4 3t

17, 56 )2 15 B B $E B4 B ok ] Fluke SmartView
A AT FH SPSS Statistics 22. 0 $#E47 77 20 Hr
A 35 R 4G 56 (LSD %), F DPS 7. 05 #l & Lo-
gistic 77,/ Origin 2024 #Ef72 A,

2 HREAMN

2.1 MAHFBERENEZNEZFEM~=HWRE
EN:0b-A0)

AN TR R PR 2R Ak BN A /N F 7 R A A
RWAEBERWGE D, T2~T5 4 & /N E =
AL CK 2 35 3, 38 W 25. 9326 ~28. 53%05 8K
T1 &b F A0 0. 82% ~2. 90%, T3~ T5 At B 5
T1 Ab 3R] 2 5 14 b 25, o T3 A B A9 7 i fe e
BOT1ARHR4R 2. 90% ., 5 CK Mk, T2~T5 4b
PRI A /N2 RO R RS L TR 43 Sl 3. 6506 ~
10.64% .4.15%~13.54% 1 5. 88% ~12.17%,
Horh T3 Gb PR AL, T3 b HR AR H FEE L T
BB T1 ALBE S B 7. 69%6.9. 47 % F1 6. 79%
A58 3, e nr W, 8 8 R Rt Hae g A
B TN 4 /0N 22 TR B TR B, AT S B4
INZE RGP FLrP R R R R RS 7 ROR A
2.2 HEFHTELR R 3T &N AR B9 B M

AN TR) B Y PR 2R A 38 1) 46 /N 22 KF R UE By L 0T I
PERE AR 5T A X T A it IS 3 3 PR 2 Ak 3
VIR AR B4R LI LA T3 &b F a5, Horb e
A CK AL T1 b3 43 ) 5 25 32 &5 34. 96 26 Fl
29. 64 %0 , AT BE B 43 ) B 2 R R 40, 79 00 A1
34.38% , AT A Bl B E AR R 28, 7090 A
18.45% (& 2) . X Ut B, Jifi B 7 8 IR R X & /%2
FEARL S BTA — 2 1 0 VR B AR 2R IR 2808
=i,

£1 AAMETENEFREREMRES

Table 1 Winter wheat yield and its components under different treatments
b 3 FehE LEE T Tk
Treatment Yield/(kg « hm~—?) Grains per spike Spike number/(X10% « hm~2) 1 000-grain weight/g

CK 6 428.2+8.12d 32.9+0.61d 4.58+0.08b 41.65+0.53d
T1 8 029.8+7.32¢ 33.8+0.92cd 4.754+0.10b 43.75+0. 23¢
T2 8 095.3%3. 33bc 34.1£0. 64c 4.7740.17b 44.1040. 20c
T3 8 262.24+5. 66a 36.47+0. 40a 5.207£0. 15a 46.7240.94a
T4 8 130.943.31b 34.470. 69bc 5.007£0.03a 44.3740. 39¢c
TS 8 160. 944.90b 35.3+0. 31ab 5.13£0. 10a 45.3840. 40b

[] 3 A 5 AN [) /N B 3 7R AL B ] 22 S 3K 3 0. 05 W EKSF-. TR ERI]
Different lowercase letters after the values in the same columns indicate significant differences among different treatments at 0. 05

level. The same in tables 2—5.
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Different lowercase letters above the columns indicate significant differences among different treatments at 0. 05 level. The same in

figure 4.
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Fig.2 Effects of different treatments on grain quality of winter wheat
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Fig.3 Dynamic effects of different treatments on dry matter and nitrogen accumulation in winter wheat
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Table 2 Dynamic effects of different treatments on dry matter and nitrogen accumulation in winter wheat

=g L Ve / Vonean /
Inz?jgior Trﬁi%em I{egre@%?ir{letllﬁnti(>n (kg -Kh/m o) (kg -dE]'n; e (ke .dhn; o t/d 2/d at/d Towe/d R
T MR CK Y=10 944. 684 8/(1+e!"07 %0202y 10 944, 68 169. 68 113.12 140. 2 182.7 42.5 161.48  0.996
a?;i’m[z?;;e(:n T1 Y=13 057.483 5/(1+4¢"™ 001520y 13 057, 48 200. 80 133.87 140.7 183.6 42.8 162.15  0.994
T2 Y=13 137.336 0/(1+4¢"020 0000086y 13137, 34 202. 60 132.88 139.8 183.2 43.4 161.54  0.995
T3 Y=14 698.034 8/(1+¢"* %87y 14 698.03 216.01 144.00 137.5 182.3 44.8 159.89  0.994
T4 Y=13 912,228 5/(1+¢" " 700050y 13 912,23 208.53 139.02 138.8 182.8 43.9 160.81  0.995
TS Y=14 048.418 8/ (14" # -00018y 14 048, 42 211.39 140.93 .0 181.8 43.8 159.90
"""""""""""""" CK  Y—147.513 8/(1+e=™ 0™y 14751 2,92 1.94  135.3 168.6  33.3 151.96 0
T1 Y=217.478 1/(1+¢" 170000100y 217.48 3.21 2.14 137.0 180. 6 43.6 159.30  0.991
HEMER T2 Y=219.583 5/(1+¢"""* iy 219.58 3.28 2.18 135.8 179.9 44.1 157.87  0.991
Nitrogen . .
accumulation T3 Y =235.959 7/ (1 7807000ty 235.96 3.39 2.26 130.0 175.9 45.9 152.94  0.983
T4 Y =220.457 9/ (14" "00 7 00012080y 220. 46 3.38 2.25 132.0 176.0 44.0 153.53  0.987
T5 Y=225.880 7/(1+¢" "7 " 225. 88 3.35 2.23 131.2 175.7 44.4 153.47  0.985
£3 AELEMENETEREHLMN
Table 3 Effects of different treatments on canopy temperature of winter wheat C
B Seedling stage AT Jointing stage HEH I Filling stage
R R RERE PHEE O RIGRE  RERE  THRE WACEE  OREERE PHRE
Minimum Maximum Average Minimum Maximum Average Minimum Maximum Average
temperature  temperature  temperature temperature temperature temperature temperature temperature temperature
CK 8.64+0.60a 12.24+0.71la 10.44+0.41la 21.5040.36a 23.5340.21la 22.5240.08a 22.90%0.89a 25.90£0.89%a 24.40+0.89a
T1 7.74+0.33b 11.62+0.37ab 9.68+0.35b 21.4040.26ab 23.1040.26ab 22.2540.26ab 22.8340.50a 25.83+2.25a 24.33+1.29a
T2 6.62+0.16c 10.88=+0.07bc 8.75+0.05¢ 21.2040.44ab 23.0340.46ab 22.1240. 38ab 22.3040.60ab 25.30£0.60a 23.80+0.60ab
T3 6.194+0.17¢ 10.48+0.17c 8.33+0.13c 20.704+0.56b 22.704+0.56b 21.70£0.56b 21.00£0.70b 24.00+0.70a 22.50+0.70b
T4 6.43+£0.06c 10.96£0.74bc 8.69+0.34c 20.8740.12ab 22.9340.49ab 21.9040.30ab 21.8040.78ab 24.80£0.98a 23.35+0.69ab
TS 6.3640.24c 10.62£0.70c 8.49£0.28c 20.80£0.26ab 22.8740.12ab 21.83£0.19b 21.9040.98ab 24.9040.78a 23.3940.69ab

2.5 MERAFBERENENEHRFHERESENEM

REN N ETE S AR AN ey
H(E O, 5CKAHL, T1I~T5 b FH4E a,
MR b RIS N RS EYA T, K T1
A B AR RO R 0 S R a i il
BN 0.23.0.14 F10.09 mg+g ' MEED &
A3 B I 0. 09.0.06 F10.01 mg+g ', KA

AR M 0.01,0.01 M 0.0l mg-g ',
T2~T5 b4 K a M4 FE b RIS NE
TE¥ET T A, Hrb T3 ¥ e, T3 4b 3
T IR SR I M S R o E R T Ab
BRI 35, 19% .11, 25 % F1 86. 90 % , 4t &K b
SR BN AN 17, 50% .21, 57 % F1 73. 68 % , 251
NS EAEN 22, 22%.8. 70 % Fi1 45, 45%,

%4 FRLEXNLNEHENEZSBOLMN

Table 4 Effects of different treatments on chlorophyll content in winter wheat leaves

mg-* g

i Seedling stage

AT Jointing stage

3K Filling stage

Trﬁlirfcm M43 a M4 b KA MR M43 a 4k b K b FR M43 a 4k b KA MR
Chlorophyll a  Chlorophyll b Carotenoid ~ Chlorophyll a  Chlorophyll b Carotenoid ~ Chlorophyll a  Chlorophyll b Carotenoid

CK 0.85+0.05e¢ 0.314£0.02c 0.174£0.02c 1.46=40.02d 0.4540.04d 0.2240.04e 0.7540.03d 0.18+0.02¢c 0.1040.01d

T1 1.082£0.03d 0.40£0.01b 0.1840.02¢ 1.60£0.02¢ 0.514+0.01c 0.2340.02d 0.8440.02¢ 0.194+0.01c 0.1140.01cd

T2 1.24240.04c 0.452£0.05ab 0.21£0.0lab 1.6240.02bc 0.572£0.01b 0.2340.01d 0.8840.03bc 0.25£0.02b 0.13+0.02bc

T3 1.46+0.03a 0.47=+0.04a 0.22+0.02ab 1.78+0.07a 0.6240.03a 0.25+0.01a 1.5740.08a 0.334+0.03a 0.16+0.01ab

T4 1.36+0.04b 0.45+0.0lab 0.20+0.02ab 1.7240.13abc 0.61+0.02ab 0.2340.01c 0.934+0.03b 0.254+0.02b 0.1440.01lab

TS5 1.44=+0.02a 0.41+0.01b 0.19£0.0lc 1.7340.04ab 0.52+0.01c 0.244+0.01b 0.944+0.03b 0.274+0.04b 0.1540.01ab
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Fig. 4 Effects of different treatments on nitrogen metabolism enzyme activities in winter wheat
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Fig.5 Effects of different treatments on soil total nitrogen, ammonium nitrogen, and nitrate nitrogen
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FHESE )2 1 HE NO, N & & Z W o 9 i %
S, WA, 40 ~ 60 cm 2 B9 R [ &b B A]
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NO; -N E 7648 F a8 s, i T5 ¥y £
B NO, -N S 7E AT A RE .
2.8 FMBREWNLNZABH ABENZM
& NF NUE,NAE,NPFP 3% g 2 2 % 5 1]
W3 . AFAHET NUE.NAE . NPFP ¥ L) T3 4k
ik 39. 22%6.39. 34 kg « kg 1 8. 73
kg « kg ', LA T1 AbBRERAK . 43 514 30. 8824 .38. 24
kg + kg ' Fl 7.63 kg » kg ', T3 AbHEL T1 &b
PO 4R 27,0196 .2, 8800 F 14. 42 %,

RS5 FRLEIZMEREHAUERFM

Table 5 Effects of different treatments fertilizer efficiency of winter wheat

Ab PR Treatment NUE/ % NPFP/(kg « kg™ 1) NAE/(kg » kg™ 1)
CK
T1 30. 8840. 14e 38.2440.03d 7.63+0.03d
T2 32.1340. 18cd 38.55£0.02¢c 7.9440.02¢
T3 39.224+0.54a 39.347£0. 24a 8.73+0. 24a
T4 33.1141.47¢ 38.727+0. 02bc 8.11+0.02bc
T5 35.31+1.14b 38.86+0.02b 8.25%+0.02b

NUE.NAE F1 NPFP 43 5l 48 ZIE 2 30 H 3R L B AR 2 80R A AU A2 7= 77 .

NUE, NAE, and NPFP refer to nitrogen apparent use efficiency, nitrogen agronomic efficiency, and nitrogen partial factor produc-

tivity, respectively.
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