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Meta-analysis of the Effects of Water and Nitrogen Stress on Wheat Yield and Quality

MENG Yuan, WU Yi-ting, JIANG Mei-jun et al (Jiyang College of Zhejiang A&F University, Zhuji, Zhejiang 311800)

Abstract [ Objective] To provide theoretical basis for the reasonable selection of water and nitrogen stress. [ Methods ] We systematically an-
alyzed the seventy-one papers about the effects of water and nitrogen stress on wheat from different regions by meta-analysis, and researched
the effects of nitrogen application, nitrogen fertilizer application times and nitrogen application stages on wheat yield and quality. [ Results ] Ni-
trogen application improved wheat yield and quality effectively. When nitrogen application was 250 kg/hm”, the growth rate of wheat yield and
quality reached peak value. If nitrogen application continued to increase, the growth rate of wheat yield and quality showed a downward trend.
Similar like the influence of nitrogen application, effects of nitrogen fertilizer application times on the growth rates of wheat yield and quality
firstly increased, and then decreased. Nitrogen application at pustulation period had obvious promoting effect on wheat yield, the growth rate
reached 0. 358%. Nitrogen application at later stage had a marked effect at pustulation period on weight gain of wheat grain and it also pro-
longed the grouting process. Nitrogen application at jointing stage was helpful to the maintain of high leaf area index of wheat at heading and
pustulation stages, and could obtain relatively high wheat yield. [ Conclusions ] Nitrogen application showed significant promotion effects on
wheat quality and yield. Nitrogen application at later stage had positive effects on dry matter accumulation in wheat, and the yield increasing

and quality improving effects were ideal.
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Fig.1 Effects of N application amount on wheat GPC
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2.2 AREMERREXNEEYRIRN

2.2.1 M/NERPRIE A S RN /N AR AN
Tl SRRSO /INA R PR, P15 3 ek S ) (25, X/ NS PR 1
B RS S U 5 UL A A S0k BT /N A kPR 8
FERAEIE . B3 T LI A 3 YRR
EEIR ORI BN (E IR IE 45, 12% it BG5S Tt
BRI, X 8. 22% 5 13 BRUCKUA it Z2UAL FRX T/ INAE KPR
AR BA RS A 3 N ROR R B3 10T R
PN P2 HERCR ] 2R R

2.2.2 MP/NEFEEBEE . PSS T 3 W 3 AN

-



30 B A

2021 &£

601 b,
y=—5.673 2x+31. 20956, 335 2
50 220761 0

CPCARRT 2l 5

Relative change rate of GPC /%

1 2 3 4 5
RS N application times
3 EERENE GPC T
Fig.3 Effects of N application times on wheat GPC
it BSOS /N2 7 8 R 2 ), S0 /N2 7 i A AR VR
PRy 36. 18% ., MIAT 4 AT LAFE i, T 1 UK /INAE 7™
LA 33. 8% M58, 2 YN P LA K 35, 48%,
T2 3 RIS /INAE 7 i M - ey, 1 39. 26%

= 97 Wbm,
= y=—0.526 4x*+4. 447 6x-29.6
& 5| £2=0.900 3
=
ok
=2 q0f
m\ma b
N /T\'
@ | C
g 35
2
a0 2 3 q 5

RS N application times
4 BERREINEFERRN
Fig.4 Effects of N application times on wheat yield

2.3 AEHERMEAN/NEEMHIRIT
2.3.1 M/NERPRIE A BTE BRI . AN I 8 Ak B
SR/ NAERPRLER 5T i AN ) 5 o R AN ) A A B B
X/ INAE HHEA T I AR B R AR A 1 o A e A, /N A
FPRLEE 1 BT B B8 R GA F 21, 67% . NI S Al LI
L TETFAE A IEAT 1B BAL B, /N AN RLAR 19 0% B 0 I b
1,35 34, 47% FESR B RALBR/INAE AR R 1 A R R K
FALS. 2% , ]2 AR

40

30r

1nmi

) AEAI #FH b2 i
FERAHE N application time
5 MREHAX/NE GPC KT
Fig.5 Effects of N application stage on wheat GPC
2.3.2 X/NAEPE RSN . AR, A [ SBT3 Al B 2
/N PR TR PR R 00 31.79% . AR
P 6 AT LA i, 515 B AU N P B A0k 28, 37% , i fF

20

PO K
Increasing rate of GPC Il %

10

o

TR, FEIIB RN R 35. 82% 0 W2, TETE
ST FAL BN/ N P B e HERSCR e, 72T T AT A
A R AR HERCR 22 A 2 AR BEROR B2 , S X/ N HF
RLEE SR A EE , AR SUTIE 20/ N2 P B R R

_ 40
= -
.E Rl d
bR
2 30p
ol =
B
g 251
2 > =T S S
Ve mson mvm PRl R

e FEFHA N application time
E 6 HERAHI/NE 2R
Fig. 6 Effects of N application stage on wheat yield

3 g

3.1 FEEEESERAEFNEFENMHFNERRSE
BORENE A [ i 2R o X /N 2 7 B DR 2 1B e 5
F A PTG AL B AT LD /N SRR e 22 (] A 5%
RSB  e 7 [R) AP Y F AR . 7R UK BRI
334t SR Ak TR P48 o/ N A2 it JEOR ™ k5 224 Sk 300 0k 7™ ik v
PRI, 2k 22 38 ) Z8AE AT R F80 ™t FRARR , (LI AT R RE AL i o
P It Meta 734 & 9L, ZEOFSE o RIS BN, JCie e
Riw 20 B2 xb/INZE it A A e HEVE T, 2t U i
#1250 kg/hm” [, /N P i RUF A 1A 5 7 e SRR 9
WEfE . AMBEEEE BRITIN R FE Ol IR 1 B A R
Jiti L 15 1) 240 kg/hm® BE /N = bk B B L X 5 IS A
RIEAR T (R ARG I, /N A KPR HE 1 o & f 4
ARG PR R BT Rl 3 20 R R 2 A TR
TRNC . KT/ RPRLR 1 BRIt U 0GR , BIFSE 45 R 6
PR — 0, BT 52 825 TR G Rl 2 1o 5 i A it e
(O SEATTREAN o /N2 A A 00 AS ) B s SRR /N2
PRI BT AR B, WSS W] 45 it S P
T A SN AR, R EO0S T/ INAE 7 B DR R 1 B
BRI I S e

32 AEERMAMNEFEMHFNEARAIENH
M AR S0 A B2k /N A bR B g /N A
I FH Meta 23047 1975 1% % B, 9 2% 01 1E 2
XF/NAE P B RAEHEE FHECU] (2., H IR K 0. 358% , AR A
IS0 /NS 7 b RS 7 T RERRICRE , 24/ RO i 1 A
I PR . I B S R A — i R T
SEGEHET B, IF ADR D REIAE I, e LIJT AR IA
VERJE AL O E . ESIE S, Rl 2 T AE 136 A 2 i
- FR S IR A S AL T — N R BTG P KT, O ELA R TG 1
PRAFAINS FEBCI A I E] o 7 /N2 R S P55 e 20 P
B OC & b, BT A 2 R Y5 R I Rk
FrEp AR H RN SRt U A A
G — L5, AR W RIF A A et gk



49594

FEE KRR E SR Y0 Meta 447 31

WHAERT PR A P T, FFAEMMEIE AU TR (1 i
s, BB IR 2 o bR B0, AU
B R R T A IO 5, RSN 4 JE K
R PN R RLAR RO 5. T AETFAETIE
L2 PO WIS 27 T W 38 B S P
TN A B RIS 2 T B 5C, T A
RS I T TR0 U I, ) T/ i
B

33 BISMRREEN AN K K 0
AR R B, SR — R B T
UL KRR ML TAMT, A B 2 T T T B SR
FIERBEAPRTA R 025 2 1, LA ) Meta 5347420 20 1L
ARETBEAER . /N2 SR ATt T LIRS,
S5 AR5 FTE B B T R SR %
AT BB T B BB % SO, WA AR
AR ST o/ B R 6 1 2 A
WA ATITE o oh TR0 5% 1 S b B
AN 75, DU A HEHBE A 7 PRI 1
BRI ABIIE R T X TR0/ 7 R A
g U RO 3 T ARSI, e T AU T/
SR RTRPRL 88 1 5 R W 0B 9 LR 5 F o 20
EUATSCHRGLR  BUR RN R RURE 4 2 1 45 AT S
FR, IO T AT SRk T
G R T BV T AR A2 B
TR T TG IR

4 @i

BERARAEXT/INAE il ORI A B B . A/ AR

AR 2R, X o R P R A AE TRVE . AR BE
BN B AR BT AR MM B /A2 7 R K R
55,4 0.358%,

U 51) 250 keg/hm® BF  /INAZ 7 DR ARLER 11 ik
HORORI i o MG A B ARSI AT, ;= B OR TR R
i LA A T REAk 4R i 5 (H Y L B i e, 7 i A T
KRBT R IR A BRI R4 T 2 Wit
SRR/ 7 R R ELAT TE A B 3 et
S E Xk
(1] WE, B4R &/ N Gl & RS R R ffe [T ],

AR, 2005,38(6) : 1188—1195.

[2] APEES, AR, B , 5. RAAE BT ILE RN SENESS &0/

AT MR ] Rl R, 2015,44(6) 1 18-23.

[3] Szl xEte. NRAF I AIRANE/ N8 AT

RN PRI T ] Hp e, 2011,27(9) :314-319.

[4] 10H, e G, 2 THE, % RREE IR S RS TR NE

AR RIS L) . REREHEK AR ,2009,28(1) :24-27.

[5] A, k. RNRAE DA -3 N 22 R AER R 5T

[J]. Ep2#4R,1998(6) - 884~888.

[6] 2=, dklde, by, 5. gt R AR /N2 St Pl SR T

ST ]. 1Al RS ,2007,39(4)  78-81.

(7] 2, X0 BB, 25 B i A N2 P T R AR oG

AEFRFRRRSEN T ] 2241, 2008,28(3) :461-465.

(8] BRZE, SRR, Va2 I e I B 88 5 /N 28 Sl T R i O A 5%

L] 2l B, 2005,33(2) :31-34.

[9] Sk52%, ecs. BT I N AR IR PR & i S ) sEmm [ .

Pl RF#417,1996,24( 1) :32-36.

[10] J&H MR, SRE R, 5. HERITI 55 N2 = A R 115K

RZ[)]. 222 B, 2005,25(3) :67-70.

[11] 25, TN, 28, % FABHE AN =R T

[T 2l R, 2007,35(13) :3938-3939,3964.

[12] Tk, BEmhE, ChiH, . HEg NE LR I et st e [ J . 77

R AR, 2007,41(1)  117-122.

[13] 15ints, EEHL, Bi, 25 RUAE R SR A/ N2 S S

e[ J]. R, 2015,31(6) 126-30.

(E#EF 21 1)

[41] SRz, PN XSO, 5. AR A (7 M s
[J]. fritRle,2016,37(8) :127-130.

[J]. &5Rl,2016,37(14) :123-127.

[43] L= W EEYARBRRIIC TRy S AEYEE T [ D] PA/RIE: 4L
MRl R2E,2017.

[44] GAO T,BIAN R J,JOSEPH S, et al. Wheat straw vinegar; A more cost-ef-
fective solution than chemical fungicides for sustainable wheat plant pro-
tection[ J/OL]. Science of the total environment,2020,725[ 2020—-04—
20]. https ://doi. org/ 10. 1016/j. scitotenv. 2020. 138359.

[45] ka5, PlEses, i, 5. TRt s TN e v e [ 1.
TN T,2017,45(19) . 7-10.

[46] LIYANA-PATHIRANA C M,SHAHIDI F, ALASALVAR C. Antioxidant
activity of cherry laurel fruit( Laurocerasus officinalis Roem. ) and its con-
centrated juic[J]. Food chemistry,2006,99(1) ;121-128.

(47] ke, Beni=s, ik, 5. DPPH bt a s vt R [ ). &
Rl ,2014,35(9) :317-322.

(48] £, XIS, PNA. VIS S A 2Bt RS ERE T[] 17T+

e F1),2011,30(2) :40-42,54.

[49] KUMARAN A,JOEL KARUNAKARAN R. Antioxidant and free radical
scavenging activity of an aqueous extract of Coleus aromaticus[]J]. Food
chemstry,2006,97(1) ; 109-114.

[50] KARIOTI A,HADJIPAVLOU-LITINA D,MENSAH M L K, et al. Compo-
sition and antioxidant activity of the essential oils of Xylopia aethiopica
(Dun) A. Rich. ( Annonaceae )leaves ,stem bark ,root bark ,and fresh and
dried fruits,growing in Ghana[ J]. Journal of agriculturaland food chemis-
try,2004,52(26) :8094-8098.

[51] ORAMAHI H A,YOSHIMURA T. Antifungal and antitermitic activities of
wood vinegar from Vitex pubescens Vahl[ J]. Journal of wood science,
2013,59(4) :344-350.

[52] BAIMARK Y,NIAMSA N. Study on wood vinegars for use as coagulating
and antifungal agents on the production of natural rubber sheets[ J]. Bio-
mass & bioenergy,2009,33(6/7) :994-998.

[53] HWANG Y H,MATSUSHITA Y I,SUGAMOTO K, et al. Antimicrobial
effect of the wood vinegar from Cryptomeria japonica sapwood on plant
pathogenic microorganisms[ J ]. Journal of microbiology and biotechnolo-
gy ,2005,15(5) : 1106-1109.



