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Effects of Drip Fertigation on Accumulation and Translocation
of Dry Matter and Nitrogen together with Yield in Wheat

ZHANG Lixia'®>  YANG Yonghui'® YIN Jun® WU Jicheng'® PAN Xiaoying'’
(1. Institute of Plant Nutrition and Resource Environment, Henan Academy of Agricultural Sciences, Zhengzhou 450002, China
2. National Engineering Research Center for Wheat, Henan Agricultural University, Zhengzhou 450046, China
3. Yuanyang Experimental Station of Crop Water Use, Ministry of Agriculture and Rural Affairs, Yuanyang 453514, China)

Abstract; In order to explore the effects of drip fertigation on accumulation and translocation of dry
matter and nitrogen, and yield in wheat, three nitrogen ( N) fertilizer levels: NI (180 kg/hm’),
N2 (240 kg/hm*) and N3(270 kg/hm®) , and three water (W) levels: W1 (no irrigation at the growth
stage) , W2 (two times irrigation at the growth stage), and W3 (three times irrigation at the growth
stage) , were set in two wheat growing seasons (2016—2018) by field experiment. The nine treatments
were WIN1, WIN2, WIN3, W2N1, W2N2, W2N3, W3N1, W3N2, and W3N3. The results showed
that dry matter accumulation of wheat plant reached its maximum at the flowering and maturing stages in
two consecutive years. Compared with the WINI treatment, W3N2 treatment increased average dry
matter accumulation at the flowering and mature stages, average dry matter translocation amount of the
vegetative organs, average dry matter translocation rate, and average contribution rate of dry matter
translocation to grain by 32.11% , 13.34% , 48.66% , 56.34% , 42.93% , respectively. In two

consecutive years, nitrogen accumulation of wheat plant reached the maximum at the flowering and
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maturing stages of wheat. Compared with WINI1 treatment, average nitrogen accumulation at both
flowering and maturing stages of wheat under W3N2 treatment was increased by 21.98% and 20. 30% ,
respectively. In the mature stage of wheat, compared with WINI treatment, W3N2 treatment increased
average nitrogen accumulation of stem and sheath, average nitrogen accumulation of cob and glume,
average nitrogen accumulation of grain, average nitrogen transformation amount, average nitrogen
transformation rate and average contribution rate of nitrogen transformation to grain by 20.19% ,
27.65% , 35.99% , 47.51% , 20.91% , 6.04% , respectively. In two consecutive years, compared
with WINT1 treatment, W3N2 and W3N3 treatment increased average wheat yield by 31.88% and
15.28% , respectively. In conclusion, the W3N2 treatment was the best in the drip fertigation, which
was applied to wheat with 240 kg/hm” pure nitrogen, 60% pure nitrogen was applied at the bottom, 25%
of pure nitrogen was added at the jointing stage and 15% of pure nitrogen was added at the filling stage,
respectively, and three times irrigation at the jointing stage, flowering stage and filling stage under the

drip fertigation, which could promote the accumulation and translocation of dry matter and nitrogen of

2021 4F

vegetative organs, so as to promote the high-yield and high-efficient wheat.

Key words: wheat; drip fertigation; dry matter; nitrogen; accumulation; translocation
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Tab.1 Effects of drip fertigation on dry matter accumulation and distribution of wheat at maturity stage
G e TR (kg-hm ) SYECLLAL %
2+ i it Tl + Rioc FERL 2+ it Tl + s FERL
WINI 4128.45°  1407.23>  1123.45"  9324.56° 25.83" 8. 80" 7.03° 55.21°
WIN2 4523.54"  1534.76"  1354.76™ 9 640.09" 26.53" 9.01* 7.94° 55.53"
WIN3 4256.21°¢ 1367.43" 1209.98"  9750.56" 25. 66" 8.25° 7.30" 56. 12"
W2N1 4237.76°  1427.12>  1229.34>  9430.45° 25.96" 8. 74° 7.53% 55.76"
2016—2017 W2N2 4576.21%  1547.23% 1369.34*  9655.78" 26. 69" 9.02" 7.99* 55. 46"
W2N3 4412.87  1345.23>  1278.12">  9860. 67" 26. 12" 7.96° 7.56° 56.26°
W3NI1 4478.23%  1478.12>  1302.43%  9645.34" 26. 49" 8.74° 7.70* 55.820
W3N2 5304.54°  1589.34"  1387.34° 10281.67° 29.18° 8. 74° 7.63° 56.55°
W3N3 4867.23>  1509.45®  1289.32"  9897.45% 27.12° 8.41° 7.18* 55.10"
WINI 4567.45>  1306.32"  1234.45>  9340.04" 27.77" 7.94¢ 7.51° 55.28"
WIN2 4687.45>  1439.23"  1345.23>  9660. 56" 27.36" 8. 40" 7.85° 55.39"
WIN3 4523.41" 1376.21° 1232.12">  9880.89% 26. 59" 8.09° 7.24* 56.08°
W2NI1 4497.21%  1376.23"  1376.45>  9560.78" 26.75" 8.19° 8.19° 55.47"
2017—2018 W2N2 472312 1576.12°  1495.65°  9670. 12" 27.04" 9.02° 8.56° 55.25"
W2N3 4532.43>  1435.68"  1398.21" 9886.78" 26.27" 8.32° 8.10° 55.36"
W3NI1 4512.12"  1476.43"  1387.34>  9660.45" 26. 49" 8. 67" 8. 14° 54. 35"
W3N2 5501.21°  1598.23*  1500.32*  10455.03° 29.61° 8. 60" 8.08* 56.27%
W3N3 5034.23°  1345.54>  1467.43">  9979. 56" 27.51° 7.35° 8.02° 54.50"

T : R )/ NG R R A B A 22 5 2.3 (P < 0. 05) , T Al

2.2.3 JHEREFAE TR kR Y 1z
22 ol LIF H,2016—2017 4E, 5 WINI #H
L, W2N2 il W3N2 Kb B /NZZ B SR E T W i i
o R 52.22% 1 53. 04% ; W3N2 A1 W3N3 /)
A BRI E T S 221 59. 80% F1 53. 62%
B IR T W iz XT kR BT BK R 4 O B
54.50% i 49.45% , 2017—2018 4E, 5 WINI A
b, W3N2 Fl1 W3N3 Kb BEF/NZZ 8 SR 88 B T4 i i

B 44, 27% T 27. 49% /N B TR A E T 5
Him ROy I TN 52. 87% F1 43. 11% ; W3N2 AbFE T
N7 E SRR T W B A8 X FF R BT R R
31.35% ., M BL AT, #E4E 2 4F, 5 WINI # 1,
W3N2 ZbFE R /N B SR B T Y i is w4
48.66% /N B A E VY T Y R s RS
56.34% E IR E T W)U I8 ROFFRLT- 4 TR 21
hn42.93% , Rtk 7T, W3N2 AL 3R A )
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Tab.2 Effects of drip fertigation on dry matter

xr2

translocation of vegetative organ in wheat

HRGET BRSE BRNETY
= WE YIBRish TR FRika xR
(kg-hm™2)  BR/% TR/ %

WINL  3171.66" 33.34" 32.88"
WIN2  4591.23% 42.96" 47. 63
WIN3  4537.36% 36.27° 37.52°
W2N1  3713.20" 37.28" 45.42°
2016—2017 W2N2  4827.87° 41.61° 48.96%
W2N3  4347.93" 43.62" 45.03"
W3N1  4283.53" 44. 68" 44.13°
W3N2  4853.76° 53.28° 50. 80°
W3N3  4581.80% 51.228 49. 14*
WIN1  3639.03" 29.30" 40. 45"
WIN2  3778.27" 36. 62" 37.43%
WIN3  3892.89" 26.37° 40. 30*
W2N1  3286.52" 34. 470 33.920
2017—2018  W2N2  3997.90" 32.98" 40. 44"
W2N3 3594, 13" 35. 490 37.17°
W3N1  3735.76" 41.93% 37.73"
W3N2  5249.96° 44.79* 53.13%
W3N3  4638.56° 42.30° 44.37"
2.3 iEEKIE—UINERZRREMEIZHI
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ML,
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Fig.3 Effects of drip fertigation on nitrogen accumulation

amount of wheat
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Tab.3 Effects of drip fertigation on nitrogen accumulation and distribution of wheat at maturity stage

P e AR EE/ (kg-hm~?) Sy b/ %
2K + I it Tl + ot g A E R i T + 5 FFHL
WI1NI 40. 03" 19. 89¢ 25. 63" 128.91° 18. 09* 8.99° 9. 66" 58.27"
WIN2 42.67° 20. 78* 25.00" 147. 76" 18. 06* 8. 80° 10. 58° 62. 56
WIN3 41.05° 21. 54¢ 21.97° 135. 78" 17. 82° 9.35® 10. 83" 58.95"
W2NI1 42. 98" 21.01° 28.11% 141. 46" 18. 40° 9. 00" 12. 04 60. 57"
2016—2017 W2N2 44.87" 23.34° 26. 02" 166. 53° 17.21° 8.95° 9.98" 63. 86*
W2N3 43.56" 23.67° 26. 15" 152. 06" 17.75° 9. 64° 10. 65" 61.95"
W3NI 43. 45" 22.07° 27.79% 150. 23" 17. 84° 9.06" 11. 41 61. 69"
W3N2 47.01° 22.15° 32.40° 172. 55° 16.96° 8.35° 14. 65° 65.03®
W3N3 44. 34> 23.03® 27. 69 160. 58 17.34* 9.01* 13. 88® 62.82%
WINI 38.76" 18. 89¢ 25.57° 132. 34" 17. 44* 8.50° 14. 52 59. 54°
WIN2 42.34" 19. 43¢ 24. 83" 153. 63" 17. 62° 8.09° 10. 34" 63.95%
WIN3 43.34% 20. 06* 27.06% 140. 89® 18.73® 8.67° 11. 69* 60. 90"
W2NI1 40. 45° 19. 02¢ 22.27° 143.11° 17.17¢ 8.08" 14. 00 60. 76"
2017—2018 W2N2 45.23%® 20.01° 29.76% 168.21% 17.18° 7. 60" 11.31° 63.91%
W2N3 43.23% 21. 328 28.38% 154. 57" 17.47° 8.61° 11.47° 62.45%
W3NI 42.87° 21. 34® 25.38" 156. 06" 17. 45° 8. 69° 10. 33" 63.53%
W3N2 47.65° 22. 14° 32.96° 182. 80° 17.77° 8. 26" 15.81° 68.17°
W3N3 45. 69 24. 43" 24. 35" 173. 54* 17.71° 9.47¢ 15.56* 67.26%
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FEIB XA RL DTk R AR 5 5.51% M1 5. 13% , Hitnl
AL HESE 2 4,5 WINID A e, W3N2 Fil W3N3 Ab B
T/NEEFRSE FPHARE RS 47.51%
40. 62% /N EFEAE PR R FE RGN 20. 91%
F4 ERKE—ELINEFEEERESZIEHEMN
Tab.4 Effects of drip fertigation on nitrogen translocation

of wheat after anthesis

BERGHEA BRNET BREEAR
ARGy WE R¥isEs  JAEhE s kek
(kg-hm™2) /% BTHRR/ %
WIN1 99. 720 51.93% 77. 36"
WIN2 121. 74" 57.92° 82.39%
WIN3 110. 98" 53.99° 81. 74
W2N1 100. 86" 52.27" 71.30"
2016—2017  W2N2 121. 55" 56.33" 72.99*
W2N3 113. 02" 54.23" 75.32°
W3NI1 124. 84° 58.57" 80. 42
W3N2 149. 38° 63.79° 82.74°
W3N3 142. 48° 63.17° 82.56°
WINI 105. 20" 53.92" 79. 49"
WI1N2 129. 16" 59. 86" 81.07%
WIN3 111. 82" 55.28" 79. 36"
W2NI1 110. 24° 54. 39" 77.03"
2017—2018  W2N2 126. 12" 57.04" 74. 98"
W2N3 117. 53" 55. 84> 76. 04"
W3N1 121.17° 57.49° 77. 64°
W3N2 152. 76" 64.15° 83.87°
W3N3 145. 55° 63.28° 83.57¢

F119.50% , 5 F7 48 B A eaa X kRT3 5Tk %
PE 6.04% F1 6.12% . I, % #E )7 LT, W3N2
WA R T/ NE B SR AE AR,
2.4 KB NEFEF 2R HIRE
265 Al 41,2016—2017 4E, 5 WINI 4b B AH
L, W3N2 Ab R /N 22 A FL TR0 BT 45 43 531 385
11.67% F19. 63% ,W3N2 Il W3N3 4B /N =&
PE1 26.41% F1 10.90% , 2017—2018 4F, 5 WIN1
ALFEAR L, WIN2 A 3R /N 22 R4 T4 5T 4 43 )
AT 14. 81% A1 14.76% , W3N2 il W3N3 AL R /)N
e 37.35% M119. 66% . B LA A Hra] Al
HEZE 2 AF W3N2 Ab 3 /N 22 A RN T s it 1 3 il
HAHN 13. 24% F112. 19% ; W3N2 F1 W3N3 Kb B R /)N
T 31.88% 1 15.28% , X EHI/NAZ K
S R0 25 300 SRR3R K ) 7K A — A A 1 7 2f S
B,

x5 HEKBE—ELINEFEER =2 KRN
Tab.5 Effects of drip fertigation on wheat yield and
yield composition
MK, MV Bk TR TR/
em  HUA BUAS FiE/g (kgehm?)
WINL  6.34" 18.29° 36.25" 45.89" 8924.56°
WIN2  6.51" 18.83% 37.28" 47.45" 9640. 09"
WIN3 6.93% 19.34° 38.12° 48.23" 9750.56™
W2N1  6.45" 18.63° 37.34% 46.78" 9430.45°
2016—2017 W2N2 6.83% 19.05° 38.50° 48.40% 9855 78"
W2N3  7.02° 19.35° 40.02° 49.34™ 9860.67%
W3N1  6.63" 18.97% 38.45" 47.45" 9645.34"
W3N2  7.08" 20.07% 41.56" 50.31* 11281.67"
W3N3  6.82% 19.51% 40.41° 49.76™ 9 897. 45"
WINL 6.21" 18.56° 38.69" 46.42" 8340.04"
WIN2 6.39" 18.66* 39.50° 48.52 9660.56"
WIN3  6.58" 19.56* 40.67* 49.77" 9 880. 89*
W2NI  6.49" 18.67% 39.98" 47.76" 9560.78"
2017—2018 W2N2 6.73" 19.02% 40.28" 48.67™ 9670. 12"
W2N3  6.81" 19.17* 41.19* 51.69™ 9 886. 78
W3N1  6.75" 18.92% 40.01" 48.38" 9660. 45"
W3N2  7.13* 21.31% 43.01* 53.27% 11455.03"
W3N3  7.05" 19.12° 41.43" 50.03™ 9979. 56"

EE0) b3

3 itig
3.1 EEKE—EAINETYRIRE =
ERRE

I8 1K NETC BE AT A R A AR AR, A A 0o
FECRH R I A5 R, DA T AR 2 A7 0 0 Joi R ™
B, AR B e AR 7K RE X 0 ) A R = 7 A 4
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PR P 5 1) FF L 5 32, Jn AR AR A, 4 s
i, E AR NE T YRR i R 25
BSAERT I AE T B e A J5 kPR p S B i 2 (L
FEHEK AT iR L 2 AR TR S SR E
WAFR TR Bk R A B R FR R
K HE I A gl AR AR A TP TR RN
AR AT Ab B 7K 5375 SR 3G it U A R T2
PERTHEA B KW, M T/NE TY R, G
REAUK ST RefE BT T 9 i A R i 4t e, R F
FEEIE A, (A S R R I ST Y B R,
B HARVER " S ARBEE KB, N AT
P00 I R 22 B T K ) 98 T 3 K It 2R 1 B
TU/IN , 3 2 ) 26028 RITE K RE S A b /N 22 9 J5 1)
TR S EC RN )RR I8 % o 33X Ul B 538 1 7K BB e
RIS RN E R R E AR KB, 8
A E T BT A b iz A B AR AR, B R T
INFE TR IIE AR,
3.2 HEKE—EUNERERRE FHiZHEE
sEA|

EEY KSR, AR DL R IE
BB AXZNRREHZ5ERYRNH RS R
WUIHI S, AR FAE AT DA VR 5 2 A e 4
BeAEG i ,— 7 KRR AL SEVEY X A R W, R R
SRR W RC R is s o) — 5, AT A —
FERE LBk o5 Xt = i im0 AR5
BB B ) ZE A K BRI AR /N2 B R A A
RMR A, H KR /N 22
REWI R RFHEEENREZ — Ko7 e
i i E RN R R WO | /R A AR AR R
FER PR RO T BF AN R AN AR
B AR m S S IR A E AR AR s i
R PR /N E AN AT W M EE T2
38 BB 24 /N2 R R RS, IR AR A i I 2
RAPRL R s P RIS R N
PR 2 28 A R A B A 1 0 R A 0 T AN T 0, 8
PRI Y (B 2 AR, B HE T A6 39
REMBEA NS R LI, /N Rk
REA R REAE T IF R HESE MR W, 2 s
IR B B KAE, B AR AR /N 27 Rk R R LR A

g (HENE R K (270 kg/hm?) 23 FEAK /N 22 FE 1
REMB s JUOE 540 B AR 18 YRR o1 ik
2, B, R NEARK KR E T3 B A NE KA
FITHMRARHEMAR AR s, 8 w2
i

4 #ig

(1) %2 4,5 WINL AbBAH ., W3N2 &b 3
TN 2T A WA bR 2 T i i R &R S
32. 11% NE MBI AR T R R m it
13.34% , TE/NE A, 5 WINT AbBEAH EE, W3N2
bOBLit N NCIFA AR S O R 7/ ) A 1 W=
B, M/NZ AR T e 2 K B, W3N2 b3 T /)
EEFWE TP T Yz m 48.66% , /N
BT T W B2 RN 56. 34% |, B R4
B T e s AR 8 DTk SR 4 5 42. 93%

(DOMNEBNERTWRE, AZHEREER
W ey AE AR B R K., 5 WINL &b
FRAH L, W2N3 \W3N2 F1 W3N3 4b 3R /N 32 JF 1 30
TR YA R R Bt 7 42 = 12, 84% .21. 98% Fil
17.67% ,W2N2 ‘W2N3 ‘W3N2 Fll W3N3 4bH K /2
A AR AR ST 2 AR R R R 11.15%
15.82% .20.30% Al 18.15% ., TE/NFE W2, 5
WINIL ABEAH EE, W3N2 AbBE R /N2 25 + mH5 7
REM BT 20. 19% , /N T + Fi52 TR
R BRI 27.65% , /NE KR H R R R 5
P55 35.99% , 5 WINT AL, W3N2 fil W3N3 4bf
TNEEFREE LB RAR Kz 47.51% M
40.62% ,NEEFRHGEE FH AR Kz RE S
20.91% F119. 50% , /N2 8 G B A ER Fe 18 RFFRL
X TTERCR BN 6. 04% 1 6. 12%

(3)5 WINT ZbFEAHEL , W3N2 1 W3N3 b T
INAE SR PRy BN 31, 88% I 15.28% . 44
INETYI AR IR Fs AR | 7
IKAB—ARAL T, W3N2 AbH( RI/NE 2l 240 kg/hm’
JiitE 60 % Sl 2L, TR 717 B it 25 % 21 S IR IR 0 36 it
15% SEA, [F B 7E45 750 0 I 46 300 Fn i S 1) 4% 47
1 HEK I — R AL AL B ) BE SR E /N 22 8 R 4
ETYRMARMWRER Sz M-,
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