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The effects of deficit irrigation on the yield and nitrogen utilization of different
spring wheat cultivars under drip irrigation in Xinjiang

CHE Zi-qiang, TU Hong-ming, CAI Jing-yi, YIN Hao-jie, MA Yi-lin, JIANG Gui-ying"
(Agricultural College, Shihezi University, Shihezi, Xinjiang 832000, China)

Abstract: [ Objectives ] Exploring the response characteristics of spring wheat cultivars with different drought
resistant capacities to deficit irrigation during the growth period, to provide technical support for optimizing water
and fertilizer management of spring wheat in Xinjiang. [ Methods ] In 2022 and 2023, pipe and field planting
experiments, with the split zone design, were conducted at the Agricultural College Experimental Station of
Shihezi University. The main factor was cultivar, including a drought sensitive cultivar Xinchun22 (XC22) and
drought resistant cultivar Xinchun6 (XC6). The sub-factor was deficit irrigation period, including a full irrigation
control (75%—80% of field water capacity) throughout the entire growth period (CK); a mild deficit irrigation (T1,
60%—65% FC), and a moderate deficit irrigation (T2, 45%—50% FC) during tillering stage, and mild and moderate
deficit irrigation during jointing stage (J1, and J2), respectively. At initial and after flowering stage, plant samples
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were collected for the determination of dry matter and nitrogen content of various organs, and at maturing stage
the yield and yield components were investigated. Then the pre-anthesis N accumulation and export, post-anthesis
N accumulation, and nitrogen fertilizer use efficiency were calculated. [ Results ] The N accumulation
(166.15—-238.87 kg/hm®), vegetative organ N allocation rate, pre-anthesis N export (21.76—57.66 kg/hm’) and its
contribution to grain (14.15%—31.66%), pre-anthesis total nitrogen export (78.67—147.66 kg/hm®) and contribution
rate (51.58%—81.11%) of the two wheat cultivars were all lower in the T2 and J2 treatments than in T1 and J1,
while the grain N allocation rate, post-flowering N absorption and contribution rate of plants were higher in the T2
and J2 treatments than in T1 and J1. Under deficit irrigation treatment T1 and J1, XC6 was recorded higher pre-
anthesis N accumulation, export and contribution rate in various organs, and yield and yield components than
XC22. For XC6, compared with CK, T1 treatment significantly increased the pre-anthesis N export and
contribution rates by 24.06% and 18.91% in stems and sheaths, and by 19.21% and 12.53% in whole plants,
thereby enhanced maturing plant N accumulation by 9.98% and yield by 12.17%, and elevated N use efficiency,
fertilizer N production efficiency, and N harvest index by 2.25%, 12.16%, and 3.71%. [ Conclusions ] For
drought resistant spring wheat cultivar, mild deficit irrigation at tillering stage (60%—65% FC) is suitable for the
accumulation and transportation of nitrogen at pre-anthesis stage, so could improve nitrogen absorption and
nitrogen harvest index, and effectively increase yield, and achieve water-saving and high-yield effects. However,

deficit irrigation is not suitable for the yield and nitrogen use efficiency of drought sensitive wheat cultivar,

regardless drought stress period and intensity.

Key words: spring wheat; deficit irrigation; nitrogen accumulation and transport; yield formation;

nitrogen utilization efficiency
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Fig. 1 Daily rainfall and temperature during the two experimental seasons of wheat
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F1 i 0—60 em TIEEARMIR
Table 1 Basic properties in 0—60 cm of test soil
0 Yoar 2R (g/ke) B (mg/kg) W (mg/kg) HEH (mg/kg) AP (z/kg)
Total N Alkali-hydrolyzable N Available P Available K Organic matter
2022 1.30 55.71 15.96 132 18.40 7.7
2023 1.28 55.75 15.89 132 17.82 7.6

®2 TRILEHNEDEHMETIERE
Table 2 Irrigation amount at tillering and jointing stages
of spring wheat in each treatment

b Sy BE P
Treatment Tillering stage Jointing stage
CK 75%~80% FC 75%~80% FC
T1 60%~65% FC 75%~80% FC
T2 45%~50% FC 75%~80% FC
J1 75%~80% FC 60%~65% FC
12 75%~80% FC 45%~50% FC

T FC—IpoR MMMk R . MK H45%~50%FC. 60%~65%FC
SRR RETHOEE, 75%~80%FCH IS HEM .

Note: FC—Maximum field water capacity. 45%—50%FC and 60%—
65%FC treatments are medium and light deficit irrigation, and 75%—
80%FC is sufficient irrigation.
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Fig. 2 Diagrammatic sketch of wheat tube planting and aerial view of plot arrangement in field



890 R R R L S 30 4

REFHFR=ma k™ /A R R E
ES

RICA: 7= =L /i 8 o

AR WAE B =R RL A R R B/ A
WARH R
1.4 HHRALIE

i  Microsoft Excel 2010, SPSS 26.0 il Origin
2023 AT EARAL B . it o R EDERIE, H
FIH One-way ANOVA ., Two-way ANOVA Fl Duncan
AT 225 T2 5 LA,

2 ZERE50T

21 SHRERTHENERRRRSHE
2.1.1 THEB M ERARMR WK 3 PR, M

Ock OTI @12 8J1 Wm)2

230 g0 XC22
200 1,
a ==
= =
150 =
b a
d B
100 F IER g
E 50t |
< =
E, 2b 2 B
;’ 0 1 1 1 E
S - - -
£ 7 BEH P e RS
é Tillering Jointing  Flowering Maturation
3 stage stage stage stage
B
g a
& 250 rgrgonm xC22 %a ab
z 3 EE
g 200 | " =
Big b E
® 150 7 E
® . [ BE
100 =
50 g
ab aab E
C ]
0 1 1 1 =
7rBEH P e A
Tillering Jointing  Flowering Maturation
stage stage stage stage

R ZE LRI, PR NE B A E R &
(166.15~238.87 kg/hm?* ) [ifi = Sl AR B T o 17 FAAIK
HL Ay BE] =5 G A BROE T4 1 A b 3, T1 AR
KB I EYE 4.95%, T2 KA ZHERL
2 P35 7.19%. T FHUSRSL TR XC22 Wi CK Ab
PR E B T2, 12 A0 ) B 2 7 24.78% .
31.61%, T1 MM ARRREW R E ST T2, )2
AEFE, AR5 17.06% . 23.47%, J1 AHMRAZHEE
b J2 85 19.46%, Tt ahFh XC6 Bil] T1 AbH A A
ZREER CK. T2 Al 12 Kb 345 5 5 25 55 9.98% .
17.91%., 28.19%, JI bHMA X EBR ERT
T2 1 J2 b3, J1 FEARAE R R J2 5 20.54%.
ANEEFARLE, &0 XCo Rtk R X ER ST
XC22, Hr T1ARHT Bl XCo Rk AR R
H XC22 BEEH 16.44%,

3001 pitre s xC6 2022
240
£ b
180 g
120 E
60 g
0 5
rBEH T e HR A
Tillering Jointing  Flowering Maturation
stage stage stage stage
3001 gigre s xC6
250 + a
200 _T_ ?
C
150 ' d
100
50
0 1 1 1
7 BEH P e RS
Tillering Jointing  Flowering Maturation
stage stage stage stage

£ H 1 ] Growth stage

3 TRERNHNENESEEHAM EMARRRNFN

Fig. 3 Nitrogen accumulation in aboveground parts of spring wheat as affected by deficit irrigation period
. CK—2EFMIEWHER; TI—0lERE 7o, T2—0UErh 7ol N—35O R — St ; 12— b Skl

BEo #EEARRNG TR IR A — AR T AL A 22 5 B2 (P<0.05).

Note: CK—Full irrigation throughout the entire growth period; T1—Mild deficit in tillering stage; T2—Moderate deficit in tillering stage; J1—Mild

deficit in jointing stage; J2—Moderate deficit in jointing stage. Different lowercase letters above the bars mean significant differences among

treatments in the same growth stage (P<0.05).
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Fig. 4 Proportion of nitrogen allocation in various organs of spring wheat as affected by deficit irrigation
TE: CK—aEFWIERHERE; T1—2BEAR R BuiElt; T2—r B P RE 5 o lE; J1—HOW AR 5 BREiE s J2— R 0 vp B 5 i
B PR R)/ NG FRERR R — 48 B AL BRI 22 57 B3 (P<0.05),
Note: CK—Full irrigation throughout the entire growth period; T1—Mild deficit in tillering stage; T2—Moderate deficit in tillering stage; J1—Mild
deficit in jointing stage; J2—Moderate deficit in jointing stage. Different lowercase letters inside the bars mean significant differences among
treatments of the same organ (P<0.05).
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*®3 THRERTHENEZSEFRELNRENRRNE T KA TR TIBE
Table 3 The translocation of pre-anthesis nitrogen accmulated in various organs and the contribution rate to wheat grains
under deficit irrigation treatments

N A iz h (kg/hm?) IR (%) TR (%)
Y il Lty Transport amount Transport rate Contribution to grain
ver Vo TN T w i = " P T i
™ ® Stem sheath Leaf Spike Stem sheath Leaf Spike Stem sheath Leaf Spike
2022 HitRE K 46.14a  31.69a 3397a  69.08b  7688d 62.71d  3128a  2149a  23.03a
XC22 T1 3344b  2522b  3071b  67.74b  79.58c  65.66cd  23.58b  17.77b  21.60b
T2 2399d  18.06d 2534c  7042b  88.75b  70.76b  18.16d  13.68cd  19.18c
i 2927¢  2158c  3060b  650lc  80.80c  67.84bc  2089c  1539¢c  21.83ab
2 2386d  1724d  2584c  7693a  9239a  80.89a 17.89d  1293d  19.37¢
Hifes  CK 3200bc  2942b  3521b  5197b  77.98¢c  65.63b  22.64bc  20.80bc 24.89a
XCe T1 46.62a  3423a  38.64a  S583la  7603d 6417c¢  31.52a  23.19a  26.18a
T2 2837¢  2605c  29.89c  51.65b  82.82b  6575b  2076¢  19.08cd  21.88b
il 33.69b  31.00b  36.00ab  52.86b  77.96c  6476¢  23.52b  21.64ab 25.14a
2 1783d  22.12d  2739c  4421c  8646a  7357a  1374d  17.04d  21.10b
Fr 2550 ANOVA
\Y ns * * * * * ns * *
N * * * * * * * * *
VXN * * * * * . * * ns
2023 FifF2E K 6020a  41.70a  57.26a  7937c  8381d  8045d  29.79a  20.67a  2834a
XCcz22 T1 5222b  3644b  4364b  7973c¢  8659c  77.89e  2626b  1837b  22.00b
T2 4132¢  2771c¢  33.10c  8437ab  88.12b  8577b  23.1lc¢  1549¢  18.52d
1 5141b  3523b  4139b  83.52b  88.07b  81.30c  26.10b  17.93b  21.04c
i) 31.72d  2627c¢  324lc  8496a  89.84a  8720a  18.61d  1537c  18.99d
Wifes  CK 60.95b  3743b  52.72b  7575a  8l.1llc  8525b  30.60a  18.80b  26.44b
XCo6 T1 68.69a  4532a  61.82a  7592a  80.15d  804c 31.79a  2094a  28.60a
T2 5007¢  2937c¢  41.08c  73.82b  8234b  8532b  2639b  1548¢c  21.65¢c
b 63.62b  3758b  5337b  7643a  7961d  8422b  3055a  18.04b  2559b
i) 36.18d  2483d  40.09c  72.16b  84.56a  8673a  1984c  13.61d  21.98¢c
JiZ5rHT ANOVA
v * ns * * * . * ns *
N * * * * . . . * *
V<N * * * * * * * * *

TE: CK—RAEFWNEFTEM; TI—/r SR 5 Sl T2—/r B8 b B 7 B J1—3C0 IR 5 B E s 12—y 0 rh 5 e
Weo FIFNECT G A R NG TR R4 R — AP AL B E 22 57 B3 (P<0.05), * | ns/PRIFIRRUN L3 (P<0.05), AN,

Note: CK—Full irrigation throughout the entire growth period; T1—Mild deficit in tillering stage; T2—Moderate deficit in tillering stage; J1—Mild
deficit in jointing stage; J2—Moderate deficit in jointing stage. Different lowercase letters after data within the same column indicate significant
difference among treatments of the same variety in the same year (P<0.05), * and ns indicate significant (P<0.05) and not significant effect,

respectively.

27.03%, SRR SRR AL TR A 2 B A AT A R R a5 N TR
B Feas R R ZERS A A R kR AR RN 222 GHEM THEMAREEZ RS Rk
WE, TR XC6 nl AR E & S5 B AL A B, BE K s, PE T AR AL R
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REFLIE T (78.67~147.66 kg/hn?) K TTHR% (51.58%~  TTWR, ShFTAE MR AL BT R K #5128 & M STmkR fAE

81.11%), {HAZH THIRAL 5 A2 Wi FI BTk R J5 R W R DT R A A R (R 4), XC22

HAERT R R iz Lotk FE TR A ZEW SRR 78 CK A PR A Z stwk R w, 20 T1,
*4 SEHERNENEERERIMEERREE RN SRR

Table 4 Transport and contribution rates of nitrogen accumulation pre- and post-anthesis of spring wheat
under deficit irrigation treatments

HRTAR B ERTAREIER FERT AR TTRCR HARE e Lie s VIARE % S

AFfry lﬂlﬁ AR Pre-anthesis N Pre-anthesis N Pre-anthesis contribution ~ Post-anthesis N Post-anthesis contribution
Year Cu(l\tg/ar Trezl;r‘l)lent transport amount transport rate of transported N accumulation of transported N
(kg/hm?) (%) (%) (kg/hm?) (%)
2022 Fr25  CK 111.80 a 68.94 ¢ 7580 a 35.68d 2420d
XC22 Tl 89.37b 69.93 ¢ 62.95b 52.61 ¢ 37.05¢
T2 67.39d 74.69 b 51.02d 64.71 ab 4898 a
I 81.45¢ 69.72 ¢ 58.11¢ 58.73 be 41.89b
hp) 66.93 d 82.01 a 50.19d 66.56 a 49.81a
witRes CK 96.63 b 63.17b 68.32b 44.88 be 31.68 ¢
XCe T 119.49 a 64.57 ab 80.89 a 28264 19.11d
T2 84.31 ¢ 63.95 ab 61.72¢ 52.38b 3828 b
I 100.69 b 63.29b 70.31b 4248 ¢ 29.69 ¢
hp) 67.34d 6528 a 51.88d 62.51 a 48.12a
75 25571 ANOVA
V * * * * *
N * * * * *
VXN * * * * *
2023 Frf25  CK 159.16 a 80.89 d 78.80 a 4270d 21.20d
xc22 Tl 13231b 80.87 d 66.63 b 66.27 ¢ 3337¢
T2 102.13 ¢ 85.81b 57.11¢ 76.54 ab 42.89b
I 128.03 b 83.98 ¢ 65.07b 68.88 bc 3493 ¢
hp) 90.41 ¢ 87.14a 52.97d 80.36 a 47.03a
Hies CK 151.10 b 80.18 a 75.84b 48.02 ¢ 24.16 ¢
XCé Tl 175.83 a 78.53 b 81.33a 40454 18.67d
T2 120.52 ¢ 79.48 ab 63.53 ¢ 69.22b 36.47b
I 154.58 b 79.76 a 74.18 b 53.86 ¢ 25.82 ¢
hp) 101.10d 80.41 a 55.43d 81.29a 4457a
75 25571 ANOVA
V * * * * *
N * * * * *
VXN * * * * *

T CK—2/EFWIERHEBE; T1—Bel 5 Gl T2— 0BElil b B9 B E; J1— o IR 5 BREE s 12— B I h e 5 B
Bo [RIFVECF IR A R)ING FRERR R —4F 6] — Sh A AR BE ] 22 5 2% (P<0.05), * | ns/MERIRARN B3 (P<0.05), AEFE.

Note: CK—Full irrigation throughout the entire growth period; T1—Mild deficit in tillering stage; T2—Moderate deficit in tillering stage; J1—Mild
deficit in jointing stage; J2—Moderate deficit in jointing stage. Different lowercase letters following values within the same column indicate
significant difference among treatments of the same variety in the same year (P<0.05), * and ns indicate significant (P<0.05) and not significant
effect, respectively.
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T R HEE S RO AR RO, i AR
BCRAFAE B HAERON, R R R A R Ik

FEEOTC 0 HARRON
24 SREBRTFEXREESKHEXERER
VR

miE s Fizas, 7 (Y) S5 R AR R
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LR EIEAIE (7=0.55%%~0.97*%),

FR AT — 2 LB, R 1R E RS 2
TIRRRIM N 85.2% . 7.2%, ZiFoilkRikz] 92.4%,
B2 A~ FE 4 T LA RE 9 4645 92.4% BIfFE . £
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TGW. SN #il SGN, F 41 2 1245 NUE #1 NHIL, 5
HAFebrAHL, Y 5 ANAM. GNA, NCPP., TGW,
NTF Z A/, SEHIFE S BT ANAM, GNA .
NCPP, TGW. NTF 5 Y fIEM A& HAh,
SN. NHI. SGN I NUE 5 Y JeM#/N, X
TEbR S i Z AR B IR R, I, ANAM,
GNA. NCPP. TGW . NTF X/ & iy 5 i HA 1 4%
N, SN. NHI. SGN I NUE fE— & FRE | a] &1k
P

3 ifie

3.1 SEHERNENERFRESHRAFN
AINZE IR 7 R R AR R R B L e T AR A
RE5iE, WX —id #2255 R A5 m,
Hrpok e 3 2 OCHE B MR, 38 A K RN
AR N AR R s, 4R s AR 1
S AR, XC22 B T1 A FRAE AR R FE
R T2 5 17.06%, J1HKAZHEREL 125
19.46%, XC6 WM T1 M AZHER L
T2 5 17.91%, J1fHARAZE R R 12 55 20.54%.
X BRI AR 27 K /NZ R R R R LR 58
RIT IR, HRUA S & BN A AR
A5 B KR (0 ~ 180 mm) (3G £, ik T &
REFRME AR, (B b mkeRi . dk—2
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R oy BEM T B TR W b B, T b J1 P
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x5 TRERTHER)NETENAFAR

Table 5 Yield and nitrogen utilization efficiency of spring wheat under deficit irrigation

0 ma A gLl %L TR EL FALE Fr REMHE RIA PR FURFEEL
Year Variety Treatment Spike number Grain No. 1000-grain weight Yield N use efficiency N production efficiency N harvest index
W) ) (x10%hm?)  per spike (g) (kg/hm?) (kg/kg) (kg/kg) (%)
2022 FHFE2S K 43407ab  37.04a 47.60 a 6983 a 3529 27.38a 76.06 a
XC22 T1 42721ab  36.19a 46.31 ab 6307 b 34982 2473 b 7338 a
V) 438252 30.48b 4028 ¢ 5007 d 32.33b 19.63d 68.39 ¢
| 41825b  35.67a 44.44 b 6025 ¢ 34342 23.63 ¢ 72.66 ab
2 38278¢c  27.77¢c 38.64 ¢ 4636 31.29b 18.18 ¢ 69.33 be
WiEes K 478002  31.86¢ 47.55 ab 6836 ¢ 34.55 ab 26.81 ¢ 76.6 abc
XC6 Tl 490332  38.88a 50.66 a 7597 a 35.62a 29.79 a 79.89
) 39875b  36.38ab 46.22 be 6256 d 33.95 ab 24534 72.96 ¢
7 456.57a  3456b 47.61 ab 7140 b 35452 28.00 b 77.83 ab
2 37646b  28.70d 42.95¢ 5562 ¢ 33.59b 2181 e 74.79 be
52555 ANOVA
V * ns * * * * *
N " " " * « * *
VxN * * ns * ns * ns
2023 FifF225  CK 446.12ab  38.58a 49.60 a 6916 a 28.97a 27.12a 69.56 2
XC22 Tl £2514b  37.76a 48.86 ab 6687 b 29.15a 26.22b 69.92a
™ 36093¢  30.76¢ 37.70 ¢ 5010d 25.71b 19.65d 61.67 be
byl 471252 35.89b 46.16 b 6379 ¢ 28.88 2 2501 ¢ 68.84 ab
” 37021¢  25.85d 3378 d 4636 ¢ 25.22b 18.18 ¢ 58.02 ¢
Wites  CK 44503b  36.79b 48222 6879 c 29.13 ab 26.98 ¢ 69.83 ab
XC6 Tl 480.03a  39.54a 50.34a 7787 a 29492 30.54a 7197 a
T 391.66¢c  27.39c¢ 40.73 b 6119d 27.71b 24.00d 67.27b
bl 470.94ab  37.89 ab 48362 7259 b 29342 28.47b 69.79 ab
2 379.89¢  29.08c 38.78 b 5562 ¢ 26.87 ¢ 2181 e 6232 ¢
Ji 22530t ANOVA
\% * ns * * ns * *
N . . x * * * *
VXN * * * * ns * ns

E: CK—2AEFMIERWER; TI—0BERE 7o, T2—0E8l b5 gl N—So R T sElt; 12—30 P Sl
B FISECF R A RNG P 1 2R Al — 4R R — fh R AL BRE] 22 57 B35 (P<0.05), * . nsZMHIZRAN 3 (P<0.05), AR#.
Note: CK—Full irrigation throughout the entire growth period; T1—Mild deficit in tillering stage; T2—Moderate deficit in tillering stage; J1—Mild

deficit in jointing stage; J2—Moderate deficit in jointing stage. Different lowercase letters following values within the same column indicate

significant difference among treatments of the same variety in the same year (P<0.05), * and ns indicate significant (P<0.05) and not significant

effect, respectively.

B4.95%, T2 12 FE3E 7.19%, [FeEF, 2023 484 (BAEMGE R, XTI RK - EUSRBUNE 58
MR G F BT 2022 48, XS /ANEE R EREBURIEN AT — 5.

FWIMNREAAA S, Wb, FEoEmes T, 32 SHRERNENEZEENNTEERREZENSN
SrBEWAR BEOK 3T BA B TR AR R 55, K 3 PR N A TR A E AR 1R i
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NTF 0 0.87 4 0.6
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GNA B o o] Lo
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TGW R 0
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Fig. 5 Correlation heat map and principal component analysis of important parameters for yield formation
under deficit irrigation
TE: CK—2EFWIEW R T1—0 e Gl T2— 200l B 5 e J1— 301 R BEE s 12— 3 rh e =5 Bl
Bo Y—77ht; ANAM—RBAIHR AR R AL NTF—ERTHR A RS i PPTR—ERTHMR AR B %, NCPP—IERTHIMR A R Uik
#; GNA—FPRUARBUR i, NUE—RRANH: NH— R UGG TGW—TRE: SN—HMG SGN—HBAL. *—P<0.05; **—

P<0.001,

Note: CK—Full irrigation throughout the entire growth period; T1—M.ild deficit in tillering stage; T2—Moderate deficit in tillering stage; J1—Mild

deficit in jointing stage; J2—Moderate deficit in jointing stage. Y—Yield; ANAM—Plant N accumulation at mature stage; NTF—N transport amount

from pre-anthesis accumulation; PPTR—N transport rate from pre-anthesis accumulation; NCPP—Contribution rate of transported N from pre-

anthesis; GNA—GQGrain N accumulation; NUE—N physiological efficiency; NHI—Nitrogen harvest index; TGW—Thousand-grain weight;
SN—-Panicle number; SGN—Grain number per panicle. *—P<0.05; **—P<0.001.
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