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Optimization of walnut water-fertilizer coupling scheme based
on yield quality and water-fertilizer utilization efficiency
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Abstract; Aiming at solving low water and fertilizer utilization efficiency of walnuts in arid areas and exami-
ning problems with water and fertilizer systems, we took walnut trees in the Aksu region of Xinjiang as the research
object and set improving walnut quality and efficiency as the goal to study the effects of water and fertilizer coupling
conditions on physiological growth indexes, fruit quality ,and yield of drip-irrigated walnuts. Irrigation volume (W1 .
225 m’ - hm™; W2: 300 m® - hm™; W3: 375 m’ - hm™), and fertilizer application amounts including F1
(236.9 kg - hm™) ; half conventional fertilizer application; F2 (473.85 kg + hm™*) ; conventional fertilizer appli-
cation; and F3 (947.7 kg + hm™) ; double conventional fertilizer application were used as test factors. To predict
the irrigation and fertilization system more accurately, a binary quadratic regression model was established to study
the walnut fruit quality, yield, water use efficiency, and fertilizer productivity. The Non-dominated Sorting Genetic
Algorithm IT( NSGA-II ) was modeled to verify and solve the regression model and get the optimal irrigation and fer-

tilization combination. The results showed that both factors of water irrigation and fertilizer application as well as
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their coupling effects had significant effects on the growth indexes of walnuts. The fruit quality, yield, and water

and fertilizer utilization of walnuts showed a trend of increasing and then decreasing with the increase of water irriga-

tion and fertilizer application. The W2F2 treatment was the optimal irrigation and fertilization treatment. The opti-

mum water and fertilizer regimes simulated by NSGA-II were 336.93 m’ - hm™> and 715.21 kg + hm™ for irrigation

and fertilizer application, corresponding protein content, yield, water use efficiency and partial fertilizer
productivity were 21.36% , 2 971.66 kg - hm™>, 8.76 kg + mm™" - hm™, and 1.02, respectively.

Keywords: walnut; drip irrigation; water and fertilizer coupling; water use efficiency; fertilizer partial pro-

ductivity ; NSGA-II algorithm
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Table 1 Experimental design of walnut tree irrigation
N ; WK UK MK/ (m® -« hm™?
A B ek Mok BRI )
Child-bearing period Time (m-d) Irrigation date (m-d) Irrigation cycle reduency -
of irrigation vl w2 W3
i 2 ] Sprouting period 04-05~04-14 04-05 1 750 750 750
FEAE AL R4
Flowering and fruit 04-15~05-09 04-03 12 1 225 300 375
bearing periods
AR
N %*ﬁ/’khﬁ . 05-10~06-02 05-17.05-25 8 2 225 300 375
Fruit swelling period
fifi %4
. E)Mﬁfﬂ 06-03~07-05 06-03 ,06-08 ,06—-30 12 3 225 300 375
Stone hardening stage
St esE AL
{H:IHEI)E.{JG,)H . 07-06~08-31 07-26,08-10 12 2 225 300 375
Fat conversion period
A %E Winter irrigation 11-01~11-20 11-01 1 1200
A1 Total 10 3750 4350 4950
x2 EZHERRIREE IR
Table 2 Experimental design of walnut tree fertilization
K2 F1/(kg - plant™") F2/ (kg - plant™) F3/(kg - plant™)
H7 >
; . I [ — & P — P — FE
Child-1 . ) ) A
PO Time (m-d) R Monoam  Potassium IR Monoam  Potassium = Monoam  Potassium
period Urea . Urea . Urea .
monium treasure monium treasure monium treasure
TR, o
Flowering and fruit 05-09 0.45 0.2 0.4 0.9 0.4 0.4 1.8 0.8 0.4
bearing periods
R RH 05-10~
Fruit swelling period ~ 06-02 0-15 0-15 04 03 0-3 04 0-6 0-6 04
fEAZ I 06-03~
Stone hardening stage ~ 07-05 0-2 04 04 04 0-8 04
R 19 07-06~
Fat conversion period  08-31 0-2 04 04 04 0-8 04
At Total 0.6 0.75 1.6 1.2 1.5 1.6 2.4 3.0 1.6
1.3 WMEBB K& 1.3.3 RAEA A & T XA T R R X

1.3.1 wt% KRR 3 =B, 1
R B AR P8 RS AU 2 Rk B il H A e
R AR F G ZE AL (SPAD-502PLUS) Il 5 , If:
H A AL BRI B (RS R B B O AT 40 AT

1.32 REFFLRA EHGKE, ERA 0
BEBLIEI BRI, Eh0h AR S50 W e ™ i, T4 3R
BN, AR AR PRI 100 FURRk, 253 Rz
FEHILE T RN AR AR, TR A
S LG U e, B 7 2 FH R T il

BA] s 3Tl Ja i R il e AR, TEAE R AE BN
oL 5 mm AOA EREIK I H LR KA 3R, AR
ToHi R KRN  IERC A F R AWRE  —%
FVER 9 B ZK B 28R B K 43 R FHRCR FE
MR A= 12w IR AR .

WUE=Y/W (1)

PFP=Y/F (2)
K, WUE RK o FIHZCE (kg » mm™ « hm™) ;Y
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Table 3 Experimental factor coding

sl Em%%@ﬁ i’ Eﬁgﬂigﬁﬁ%{a s WKL/ (m® - hm™2) G/ (kg - hm™)
Treatment (Coding value of Coding value of Irrigation amount Fertilizer amount
irrigation amount fertilization amount
W3F3 1.2247 1.3363 375 947.70
W3F2 1.2247 -0.2673 375 473.85
W3F1 1.2247 -1.069 375 236.93
W2F3 0 1.3363 300 947.70
W2F2 0 -0.2673 300 473.85
W2F1 0 -1.069 300 236.93
WI1F3 -1.2247 1.3363 225 947.70
WI1F2 —-1.2247 -0.2673 225 473.85
WI1F1 —-1.2247 -1.069 225 236.93
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Table 4  Effects of water-fertilizer coupling on leaf SPAD values in different growth stages of walnut trees

TR b3 JEHE AL 2 PiRiaaE sl R R T il tagia]
Irrigation Fertilization Flowering and fruit Fruit swelling Stone hardening Conversion
treatment treatment bearing periods period stage period
F1 (34.7£1.4)° (50.0+0.7)* (55.2x1.5)* (55.7£0.9)*
W1 F2 (33.6+0.3)* (50.7+£0.5)° (57.0£0.2)* (56.0+0.9)*
F3 (35.1£0.6)° (50.5£1.3)° (56.1+0.4)* (57.4+1.1)*
Fl (36.0£0.9)" (50.422.6)" (56.5£2.0)* (54.2£2.8)"
W2 F2 (34.4+1.2)" (50.5£1.0)° (59.5+1.1)® (55.6£0.4)°
F3 (39.0+1.8)* (51.4+1.4)* (55.2+1.5)" (56.7+1.2)*
F1 (34.8+1.7)* (51.2+£1.4)° (57.4£0.5)* (57.2+0.8)*
w3 F2 (35.0+£0.3)° (50.1£0.9)° (56.2+1.0)* (56.9+1.1)*
F3 (35.6£0.4)° (47.5+0.9)" (54.7+1.4)" (56.1£0.5)*
In{i’iﬁi(on 9.180" " 1.127 7.654" " 2.210
F Fertﬁiff‘i}jstinn 7.790" " 1.082 1.947 1.463
7K it HE
Irrigationx 2.920 3.299 " 3.971° 1.635

Fertilization

.o+ FAREFEE(P<0.05), = = FREFWEE (P<0.01) ; FRFE T AR FEFRLE P<0.05 KFEEFRE,

Note: * indicates significant difference (P<0.05), * * indicates very significant difference. Different letters after the same number indicate signifi-

cant difference at P<0.05 level.
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Fig.2  Effect of water and fertilizer coupling on protein and fat in walnut trees
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Fig.3 Effect of water and fertilizer coupling on number of walnut trees,
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