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Effects of fertilization on photosynthetic characteristics, yield and quality in winter wheat under different
shading periods

LIU Yingxia"? LOU Yunsheng"*, GAO Anni’, DU Zeyun’

(1. Jiangsu Key Laboratory of Agricultural Meteorology, Nanjing University of Information Science and Technology, Nanjing 210044,
China; 2. Zhaoqing Meteorological Bureau, Zhaoqing 526000, China; 3. School of Ecology and Applied Meteorology, Nanjing University of
Information Science and Technology, Nanjing 210044, China)

Abstract: Solar radiation is one of the important factors for crop production. Decreasing solar radiation is not conducive to the growth and
yield formation of wheat. Currently, it is unclear whether fertilization can alleviate adverse effects of decreasing solar radiation on wheat
production. A field experiment was conducted to investigate the effects of fertilization on photosynthetic characteristics, yield and quality in
winter wheat under shading with different growth stages. The orthogonal design with three factors and three levels was adopted in the
experiment. Shading was set at three levels, i.e., no shading (SO, shading rate 0%), shading with flowering— maturity period (S1, average
shading rate 68%), and shading with tiller—maturity period (S2, average shading rate 68%). NPK compound fertilizer was set at three
supply rates, i.e., 100(F1), 200(F2), and 300 kg-hm™(F3); The silicate fertilizer (Si0.) as steel slag was also set at three supply rates, i.
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e., 0(R0), 200(R1), and 400 kg-hm™(R2). Results showed that: SI increased net photosynthetic rate (Pn) in flag leaves at winter wheat

flowering—filling stage. S1 and S2 decreased stomatal conductance (Gs) at grain flowering stage, and decreased transpiration rate (Tr)

during the filling period, but increased intercellular CO, concentration (Ci). SI and S2 decreased 1000—grain weight, seed setting rate and

yield, as well as rain amylose content and total starch content, but increased grain protein content. F1 and F2 increased Pn, Gs, Tr during

flowering and filling stage, respectively; F'3 increased 1000—grain weight, seed setting rate, yield, amylose content, and total starch content.

Silicate supply increased Pn in flag leaves during the filling period of winter wheat. R1 increased 1000—grain weight, seed setting rate, and

yield, but reduced the content of amylose, total starch and protein in grains. This study suggests that shading with the flowering—maturity

period increased Pn in the flag leaves of winter wheat, but inhibited the transpiration rate at the grain filling stage and affected yield

formation. Supplying compound fertilizer at 300 kg - hm™ and silicate fertilizer (steel slag) at 200 kg SiO.. hm™ could promote

photosynthesis and transpiration, improve the yield and quality, and alleviate the adverse effects of shading on winter wheat production.

Keywords : shading; fertilization; winter wheat; photosynthesis; yield; quality
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Figure 1 Air temperature and precipitation during

the wheat growth period
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Table 1 Range analysis of the photosynthetic parameters during the flowering period in winter wheat

NP - e e =
Photosy?llfhnctfﬁrameter Fj; K K ks K K Ks R Ii;z[?'tair{fl\cr Optiz{jl[:fr%\jising
Pn/(pumol-m™-s™) A(S) 61.40 62.17 48.71 20.47 20.72 16.24 4.48 A>B>C SIF1RO
B(F) 64.84 55.03 52.41 21.61 18.34 17.47 4.14
C(R) 63.94 57.54 50.81 21.31 19.18 16.94 4.38
Gs/(mol+m™+s™) A(S) 1.48 1.59 1.35 0.49 0.53 0.45 0.23 A>B>C SIF1RO
B(F) 1.42 1.36 1.06 0.47 0.45 0.35 0.12
C(R) 1.34 1.31 1.18 0.45 0.44 0.39 0.05
Ci/(pmol *mol ™) A(S) 863.74  990.40  992.68 28791  330.13  330.89 42.98 A>B>C S1F2R2
B(F) 93295  976.00 937.87 31098 32533  312.62 14.35
C(R) 939.45  948.15  959.22  313.15  316.05 319.74 6.59
Tr/(mmol -m?-s™") A(S) 10.77 15.47 14.20 3.59 5.16 4.73 1.57 A>B>C SIFIRO
B(F) 14.50 13.79 12.15 4.83 4.60 4.05 0.78
C(R) 13.90 13.85 12.70 4.63 4.62 423 0.40

T« KR A — 58K 2 L KR KRB, RER S22 . T
Note: K: represents the sum of experimental levels for the same factor, K; represents the mean of K;, and the R-value represents the range.The same
below.
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Table 2 Variance analysis of photosynthetic parameters during

. F2ALHER P Gs.Ci M Tr & K, 5 RO H LRI
FIR2 AT Pn 2 93611 5.46% F112.03% , A F) T4
R R P B B DAL PREA A STF2R2,

the flowering—filling period in winter wheat (F value)

N - i) T
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o o 3 P2 4/ B TR B BT/
B(F) 0.24 31.08 T B > it A 5 T > G i , % 245 52 3 AR R e R /Ny
C(R) 0.24 14.22 B > 1> it 52 45 A (3 4) o JHE B0 25 52 A< 0 7 i 1)

Gsf(mol-m™-5™") A(S) 268 47.04% SRS 2 K- (P<0.05) |, it 5245 HE IR fio Xof TR 5

o 0 ik S R R o ik B KT (£ 5) o AT

C(R 0.15 1.97 . y N

_ 7 UL, 308 BH &5 & /N P ) E B R K

Ci/(pmol - mol™) A(S) 438 1 331.52%% O o
i s oo 1550 A1 H L ST S2 B R AIE T it 55 92 A
C(R) 0.08 138.80%* Fzﬁ,;ﬁ\:q:' S1 ﬁiIETFEﬁﬂEH?*ﬁJﬁﬁﬁ%fﬁﬁﬁ,SZ

Te/(mmol-m?+s")  A(S) 3.07 19.20% Ab T 4t SR [ B K, 53 B R 2 e R R OE HE .
B(F) 0.75 2.65 S5FLAE, i A 00 F3 A BT TR0 0 45 52 R Al
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PR A SR TR A DR 3 B 44N
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Note: * P<0.05,** P<0.01. The same below.
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Table 3 Range analysis of the photosynthetic parameters during the filling period in winter wheat

R3 ZINEERBRASHMELN

R TR 54R

F43E5FE3H

oy = — — — o oy
Ph()t()syﬁhitffframeler Fi K K ks K, K. Ks R h:;i[?fr((}l\er optiz{}ﬁfgsmg
Pn/(pmol - m™>-s™) A(S) 35.63  45.88  38.89 11.88 15.29 1296  3.42 A>B>C S1F2R2
B(F) 3630 42.55  41.54 12.10 14.18 13.85  2.08
C(R) 37.93 39.99 4247 12.64 13.33 14.16 1.51
Gs/(mol-m?-s™) A(S) 1.65 1.20 1.04 0.55 0.40 0.35 0.21 A>B>C SOF2R0
B(F) 1.24 1.40 1.25 0.41 0.47 0.42 0.17
C(R) 1.36 1.30 1.23 0.45 0.43 0.41 0.04
Ci/(umol +mol™) A(S) 882.07  980.89  991.48  294.02 32696 33049  36.47 A>C>B S2F2R0
B(F) 952.04 95634  946.05 317.35 318.78 31535  3.43
C(R) 97348 94456  936.40 32449 31485 31213 1236
Tr/(mmol - m+s™) A(S) 19.78 17.74 16.56 6.59 591 5.52 1.08 A>B>C SOF2R0O
B(F) 17.57 18.71 17.80 5.86 6.24 5.93 0.38
C(R) 18.55 17.55 17.67 6.18 5.85 5.89 0.34
T4 BINEFEMENT
Table 4 Range analysis of yield in winter wheat
——— [y o
Yizﬁnﬁzor F%]ir K ks K K, K: Ks k Iri;j:ta(::r({i\er optiijjﬁjismg
P/ (thm™) A(S) 61.01 32.14 4752 2034 1071 1584  9.62 A>B>C SOF3R1
B(F) 46.29 44.99 49.39 1543 15.00 1646  1.47
C(R) 46.99 47.14 45.68 1566 1571 1523 049
TRL i /g A(S) 129.29 88.90 118.87  43.10 29.63 39.62 13.46 A>B>C SOF3R1
B(F) 109.45 108.77  118.84 3648 3626 39.61  3.36
C(R) 112.29 112.63 11214 3743 3754 3738  0.16
L5 % A(S) 233.11 228.15 19776 7770 76.05 65.92  11.78 A>C>B SOF3R1
B(TF) 214.42  217.67 22693 7147 7256  75.64 417
C(R) 21076 227.15 22111 7025 7572 7370 546
x5 BINEFERENHFE)
3 i

Table 5 Variance analysis of yield in winter wheat(F value)

SN i TR R g

Factor YVield/(t-him®)  1000-grain weight < 1%
A(S) 18.31% 9.18 23.56
B(F) 0.45 0.66 2.71
C(R) 0.11 0.01 4.42
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] o JEERAE T, AN RN 22 Bk 55 5% R A7 7E 22
S IEAR TR B AR R G R R ]
Dt tm W SR T RE I B BN A B i AR A
BRI, T - A B 50% 1T 4 5 /N 27 S
Je 3 Pl 3 BA TS S AE 2R 0 o P R AR R
i RN E G RER AR T A B R AR
T REFRICE A S 150~200 kg - hm™ 7] 2 55 /)N
22 W T IR I P FIURFRL TR S R 380 il 2R i 210~270
kg-hm 2 Al 5/ NE L5 0~14 d F121~28 d A P
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Table 6 Range analysis of grain quality in winter wheat

pE———— ey "
Qu:fl?t);ﬁ iér‘lEcIITTalor Fchr K ke ks K, K Ks R Irﬁ;zrgl:';rz\er Optiri{tﬁ:ising
B HEVER 1% /% A(S) 9417 7432 7829 3139 2477 2610  6.62 A>B>C SOF3R0
B(F) 7829  83.85 84.64  26.10 2795 2821  2.12
C(R) 8464 8226  79.88 2821 2742 2663 159
ELE R 2 i/ % A(S)  280.60 240.74  240.13 9353 8025 80.04  13.49 A>B>C SOF3R0
B(F)  251.58 25333 25656 83.86 84.44 8552  1.66
C(R)  259.32 24990 25225 86.44 8330 84.08  3.14
BEE S =% A(S) 30.95 29.28 31.13 1032 9.76  10.38 0.62 A>C>B S2F1R0
B(F) 3250 2989 2897 1083 996  9.66 1.18
C(R) 3168 3032 2936 1056 10.11  9.79 0.77

RTZNEFRRRFTENT(FE)
Table 7 Variance analysis of grain quality in winter wheat

(F value)
BVEN EAR i

Total starch content/% Protein content/%

SES ELBEREA 75

Factor Amylose content/%

fr RS it AR N X AU B W, R T
WP 5 R AR Wi A AR R T A R OR T
BL BT A, 3G S AR RS, B A IE A
200~300 kg hm ™ jifi i AL 200~400 kg - hm 2 7] $2 5 &
INZE RO (B IR R (R 4R S) AR

A(S) 336 6.46 0.29
B(F) 036 0.08 0.92 T 9 ek 7 e A A
C(R) 0.17 8.15 0.37 INFE R T A AR P S R T A

B B S A AR /N2 o R B AL, 1 o S A
oA LT A W S COL [ 58 840% 52 M ik X
RN R AL i 7 A s i, ASBIFGR v, U it
15 100 kg - hm B}, 2 /N2 T 46— W P {57
Jite AEL 4 35 1) 200 kg - hm? A HE 2% 3 Gs | Ci Al Te i — 4
FETF, R it A 7E 100~200 kg - hm 2B B A3 F1 T/
FAVERFZEBIER . SadiE , 55 560Ha 8 it
ik, /N TFAE I S Po T 1 Gs (L 2 BT
J& N RER BB ik 225 kg hm 2[5, /NFZ Pn T #il
Gs H ™ ARWFFE R, S X B AT B P Gs Al
Tr JGHA I 0 42 1 VR T, (EUf i 5 200~400 kg hm™ 2
i HESR I R Po RN T 55906 EREE T M 0 A5 Bt E
AR TG/ N ER WO AR DT .

P 438 | S B 5% e A /N R TR R, AR
w3 B — S A IHE IS R A — s A ] BRI A
JINZE TR 2 SR i 6 T A A
K(F4 £S5, Gt A RBEFRA— . REEH R
IINFE FEAE—TESR I P (B0 F AL - 3K Gs ISR
99 T, SEMRA PRIE SR I ZE I A RO & AR i e iz
A3 FCI240, AT 52 i AR VB S 205 512 s /N 22 s o
Jite P2 Wl BRI 3G SN A S AR T T A, Y
RACEKT- AR AL IS T 0 ) AR i 32 5 40 i, 32

EE 1 DNE S 1= BN <5 e i 2 2 R IR
W - BB 77.6% , FEARKFRL ELSE TE KD | SCHEVE M
FILEATE Ry i, 20 R BsF [, R R B A  TiT / N 22 A
7R 15T Sk, DU 38 ISF) 5 P8 B fin g B e, AR S
WA KA, /N2 53 B - A B 68% , B I 4
PR AR [T i, PRI E ) Ak 3R R (VR P U
ARSI SR (R 6.8 7). JRINAET, K it B
Ab BT BN R HE SR 2ok R rp T SRR VE R R
SRR PRI, B 1 0T A N B ey, HL e B el AR
TRERE o= UE 3 il 1) 15 A, T 5 00 DA i B 5 A [R] /)N
22 SR RERLE By i T A TE 25 5 HEl
T8 60% 50T, 1 i U8 S 0 /N2 kR AR
P BT 5 e, R AR T it i R S LR D
ABFEA K B, AL W B R 300 kg hm I, AT
T A B B AT A RN A R A A R A
T AP R SR S A S S B JE AT ARG ik
XoF /N2 KE L ST G B 0 S 0, AR S R B ik
XoF /INZ R PR i B 14 5 M U A 3K 48 2 /K-, {F AT AL
7R 15T BB VE R LS E R . T L it T 4
/NG BE T AN i (RGP b B G B
ICEE . BEREYA o R A S1EYIREN
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B AR T A8 —HE R 7 AL BE (Gs) R S S0 ot
Jr 7RI 2 (T ) 5 47 BE - T IEE 9] (S2) D] A1 7
HA P Gs A A Gs Ty RUE 3 BA 3 i3 & /N2 TP AR
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TR SR R RETORPRL LA TE A LS TE A
T

(2) it & 45 HE 200 kg - hm™, Fig it i HE 400 kg + hm™
P 2% /N FE HE R P RO B 5 il 2 A 300 kg -
hm ™ 0] 238 R R T, 524 I8 300 kg + hm™ it £ A
200 kg - hm 234 PO e fE . Rt el it 2 A
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S RE L BT, W] gt B SR AN I 52

Sk

[1] HE Y Y, WANG K C, ZHOU C L, et al. A revisit of global dimming
and brightening based on the sunshine duration[J]. Geophysical Re-
search Letters, 2018, 45(9) :4281-4289.

[2] WANG Y W, YANG Y H, ZHAO N, et al. The magnitude of the effect
of air pollution on sunshine hours in ChinalJ]. Journal of Geophysical
Research, 2012, 117(21):1928-1937.

[31 MU H, JIANG D, WOLLENWEBER B, et al. Long—term low radiation
decreases leaf photosynthesis, photochemical efficiency and grain yield
in winter wheat[J]. Journal of Agronomy and Crop Science, 2010, 196
(1):38-47.

[4] SRARAE, o a0, AR . 26 S I B X /N 22 TR R KRR
SRS A R 0[], M43, 2010(4) :673-679. GUO C H, GAO
Z Q, MIAO G Y. Effects of post—anthesis shading on photosynthetic
characteristics of flag leaves and grain yield and quality of wheat[J]. Ac-
ta Agronomica Sinica, 2010(4) :673-679.

[S] DONG B, YANG H, LIU H, et al. Effects of shading stress on grain
number, yield, and photosynthesis during early reproductive growth in
wheat[]]. Crop Science, 2019, 59(1):363-378.

[6] Bl 5L, T8, ZRULAK, 55 . A PHAR SIS 0 4 /N A KR 7 ™ i
(S0 (). AR R, 2018, 46(4) :143-145. LU Y, DING Y
H, CAIS L, et al. Effects of reduced solar radiation on growth and yield
of winter wheat[]J]. Journal of Anhwi Agricultural Sciences, 2018, 46
(4):143-145.

(7] SKICI, WA, S, S5 . G S it S0 4 /N2 M S R B ™
SR T A A AROPAR, 2016, 24(9): 1177-1184. ZHANG

P 1%) WHARTY

Y S, FENG W, ZHANG H Y, et al. Effects of shading and nitrogen ap-
plication on photosynthetic characteristics and yield of flag leaves of
winter wheat[]]. Chinese Journal of Eco - Agriculture, 2016, 24 (9) :
1177-1184.

[8] LI H, CAT J, JIANG D, et al. Carbohydrates accumulation and remobili-
zation in wheat plants as influenced by combined waterlogging and
shading stress during grain filling[J]. Journal of Agronomy and Crop
Science, 2013, 199(1) :38-48.

(91 VERL, FART, R, 5. 2EJ5 B IR /N RLVE By -E A T4 5t
BUR B MAT]. A 35l 2741, 2020, 28(1) : 76-85. WANG
M, WANG S'Y, WU J J, et al. Effects of post—anthesis rain on starch
synthesis and dry matter accumulation in wheat grains[J]. Chinese Jour-
nal of Eco—Agriculture, 2020, 28(1 ):76-85.

[10] MU HAMMAD ASAD NASEER, SADAM HUSSAIN, ZHANG N Y,
et al. Shading under drought stress during grain filling attenuates pho-
tosynthesis, grain yield and quality of winter wheat in the Loess Pla-
teau of ChinalJ]. Journal of Agronomy and Crop Science, 2022, 208
(2):255-263.

[LL] 0, 5752, B, 45 . G I BE X /N2 Sl ROk e SR R
FISZ MR T]. PEAL A2, 2013, 22(8) :9-14.  QIAO X, ZHANG
H Z, LEL ] ], et al. Effects of shading intensity on photosynthesis and
grain filling characteristics of wheat[J]. Acta Agriculturae Boreali-occi-
dentalis Sinica, 2013, 22(8):9-14.

[12] sk K, kB XA, 55 LS5 RS ext & /N0 & Rk J™
AR, ZFAEPIAEM, 2017, 37(8) :1038-1046.  ZHANG Y
C, ZHANG M, LIU X W, et al. The effect of sustained weak light after
flowering on the photosynthetic characteristics and yield of winter
wheat[J]. Journal of Wheat Crops, 2017, 37(8) : 1038—1046.

[13] 4555, 250k, A, 45 . AN /A2 Rt 2 5y i
TR K7 i A S5 E G e N ATLERLT]. 7974, 2023, 49(1)
286-294. LIX, LI L L, LI M R, et al. The response mechanism of
flag leaf chlorophyll content, leaf microstructure, and yield to post
flowering shading in different wheat varieties[]]. Journal of Crops,
2023, 49(1) :286-294.

[14] 5RIACHE, J5 W, WAL AR, 45 . 0 ISR lAR 285 BE X 28 /NS i I R 1 K
R ST 2R ()], o Al R A R, 2019, 24(5) 1 10-19.
ZHANG Y Q, FANG H, CHEN C X, et al. Effects of shading and
planting density on grain filling characteristics and grain quality of
winter wheat[J]. Journal of China Agricultural University, 2019, 24
(5):10-19.

[15] B Ae, REZRZE, BRLAAH, 45 . 55 500/ 7 s MR R il B e 1 11
AL PR AL 244, 2019, 32(2) :291-295. YANG J H, TANG
LJ, CHEN Y X, et al. The effect of low light on yield and quality char-
acteristics of wheat[J]. Southwest Agricultural Journal, 2019, 32(2):
291-295.

[16] fT R AR, X35, AR, 45 . il a0t X AN TR ke it TR /N2 JE 45 AT
RSP RS AL ] DU A R 274], 2022, 40(5) :707-713.
HE Y J, LIU Q, WANG K, et al. Effects of nitrogen application rate
on flag leaf photosynthesis and grain filling characteristics of different
leaf types of wheat[J]. Journal of Sichuan Agricultural University,
2022, 40(5):707-713.



RIS, 45 B R TR S /15 5 77 B 5 503

(7] 5K 2, Frer, FLEEMS, 45 . RILX A [l B AR BE T A /N RER
Az KRR I S S [T, ARk R A R, 2022, 27(8) 1 1-
12.  ZHANG H Z, WANG L H, KONG D P, et al. Effects of nitrogen
fertilizer on growth characteristics and yield of winter wheat under dif-
ferent shade levels[J]. Journal of China Agricultural University, 2022,
27(8):1-12.

[18] 5K EHL, WHEZR, F b, 55 . AR AR S A0 T dh Pl R it 20 s X 4
ANFE 7 e I R R 5 R[], 22 25 1 % 3k L 2016, 36
(10) : 1362-1368. ZHANG M W, XIE X D, WANG C Y, et al. Ef-
fects of variety and nitrogen application rate on yield and nitrogen use
efficiency of winter wheat under different ecological conditions|[J].
Journal of Triticeae Crops, 2016, 36(10):1362-1368.

[19] SRIRIE ., 1T HRIR. 40592, 55 it A XE S BOL &AM T /N 7 i
P IR (). 42 AR i, 2021, 41(7) - 883-890.
GUOZ Q,FU CC, LLJS, et al. Effect of nitrogen application on yield
and protein content of wheat under shading after anthesis[J]. Journal
of Triticeae Crops, 2021, 41 (7):883-890.

[20] sk #%58, TS HE, MRAE, 5 . PAT IR %) e 22 56 1 A )™ 5 R
JBCH R (1), R4 SR 5 R R, 2022, 28 (4) 1 575-588.
ZHANG X Y, WANG X X, CHEN L, et al. Effect of reduced potassi-
um application on crop yield and quality in rice—wheat rotation area
[J]. Journal of Plant Nutrition and Fertilizers, 2022, 28(4):575-588.

(21T, HBAT, 5 B X, 25 R E IS 250 AN /N ™ B AL
BRI A0, AR, 2011, 31(1) :106-112. ZHAO G
C, CHANG X H, YANG Y 8, et al. The regulatory effect of nitrogen,
phosphorus, and potassium management on yield and quality of differ-
ent wheat varieties[J]. Journal of Wheat Crops, 2011, 31 (1) : 106—-
112.

[22] HITZ K, CLARK A J, SANFORD D V. Identifying nitrogen—use effi-
cient soft red winter wheat lines in high and low nitrogen environments
[J]. Field Crops Research,2017,200:1-9.

(23] A%, B4z, FJRMH, 45 A6 5 i we it S0 R AE X /N2 s i
BE R BT RE WA ()] 22 JEAEW) i, 2013, 33 (1) 1 123-128.
ZUOY,MA DY, WANG C Y, et al. Effects of foliar spraying of nitro-
gen and zinc fertilizer after anthesis on grain weight and nutritional
quality of wheat[J]. Journal of Wheat Crops, 2013, 33(1):123-128.

[24] THRSC, BRIGESY . A HE AT, 55 . i B4 R 4 IR 03 %/ 22 S8R R
AWM FH RS I, 82 A 2541, 2007 (1) :69-74. YU Z W,
LIANG X F, LI Y Q, et al. Effects of potassium application rate and
period on nitrogen and potassium uptake and utilization in wheat[J].
Journal of Applied Ecology, 2007(1) :69-74.

[25] 22 H, X, 22 H W, 4 it - m e AE X /2245 22 23 7 5 1
SR [T]. WAL FL, 2021, 62(11) :2143-2144, 2147, JIANG
CY,LIUJZ,L1Y M, et al. Effect of foliar silicon fertilizer on yield of
wheat Yangmai 23(]|. Journal of Zhejiang Agricultural Sciences, 2021,

62(11):2143-2144,2147.

[26] OTHMANI, AFEF, AYED, et al. Effect of silicon supply methods on
durum wheat( Triticum durumDesf.) response to drought stress[J]. Sili-
con, 2021, 13(9) :3047-3057.

[27] BYBORDI, AHMAD. Influence of exogenous application of silicon
and potassium on physiological responses, yield, and yield compo-
nents of salt—stressed wheat[J]. Communications in Soil Science and
Plant Analysis, 2015, 46(1/3) : 109-122.

(28] sk KR, T HE, MRE(R, 55 . SMIURE M0 55 6 i T &/ A K
Bt B A B9 R I [T]. 7 S8 Al B2, 2023, 60(2) £ 336-343.
ZHANG Y Q, FANG H, CHEN C X, et al. The effect of exogenous sili-
con drip application on the growth and physiological characteristics of
winter wheat under weak light stress[J]. Xinjiang Agricultural Science,
2023, 60(2) :336-343.

[29] G A8, N RESE, At il 25 BERENE T SR 377 /N 22 57 4 K BT A 5
WA [T]. v A R, 2005, 21(1):196-197. YITJZ, LIUP Y, LI
H H, et al. The effect of zinc silicon fertilizer on the yield and quality
of strong gluten wheat[J]. Chinese Journal of Agriculture, 2005, 21
(1):196-197.

[30] F-730], w5 MK . f Xof/INF2 7 ik SRR i ST P SE R[], 22 BB 2
2, 2012, 32(3):469-473. YU L H, GAO J L. The effect of silicon
on wheat yield and grain quality[J]. Journal of Wheat Crops, 2012, 32
(3):469-473.

[31] XU C L, TAO H B, WANG P, et al. Slight shading after anthesis in-
creases photosynthetic productivity and grain yield of winter wheat
(Triticum aestivum L.) due to the delaying of leaf senescence[J]. Jour-
nal of Integrative Agriculture, 2016, 15(1) : 63-75.

[32] BRI, THRIC, sk, 55 . R BEE T a2 2 A R 2008
WA T 53 WL AR )]. 22 2602440, 2020, 40(11) £ 1351
1356. WEI Q X, YU Z W, ZHANG Y L, et al. Effects of nitrogen,
phosphorus, and potassium usage on light interception and dry matter
allocation at different levels of wheat canopyll]]. Journal of Wheat
Crops, 2020, 40(11) : 1351-1356.

[33] MAFERR, ThoR 58, S/, A5 S I ARSI X6F AN [] /N 22 it A 3 oy 201 B
S5 K6 B UE M i O S R [J]. A A A AR, 2023, 37(5) £ 1056-1066.
ZHAO J R, MA H L, WU D M, et al. Effects of shading period on
starch composition structure and starch quality of different wheat vari-
eties[J]. Journal of Nuclear Agriculture, 2023, 37(5) : 1056—1066.

[34] M SCHL, esa ik, B, A5 .t UG &/ N AL e G A B,
IR B e B SZ IR (] 7K AR 2R, 2022, 36(5) 0327
336. QU W K, XU X X, ZHAO J K, et al. Effects of nitrogen appli-

cation on post flowering photosynthetic physiology, filling characteris-

tics, and yield and quality of winter wheat under drip irrigation|J].
Journal of Soil and Water Conservation, 2022, 36(5):327-336.
(TG - )

www.daes.org.an




