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Effects of Water and Fertilizer Management on Seed Production of Alfalfa
(Medicago sativa L. ) and Construction of Multispectral Machine Learning Models
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Abstract: The seed yield and quality of the leguminous forage alfalfa (Medicago sativa 1..) are significantly
influenced by water and fertilizer management. This study aimed to investigate the effects of different water and
phosphorus fertilizer treatments on seed yield and seed quality of alfalfa. The experiment was designed to com-
bine treatments with different irrigation levels (600, 900, and 1200 m®+hm™*) and phosphorus fertilizer rates
(100, 200, and 300 kg-hm™*). Seed yield, yield components, soluble protein content, and starch content
were measured. Additionally, multispectral information of 19 bands was acquired, and an nCDA-CNN model
was constructed to evaluate the potential of multispectral image technology for seed detection under different
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water and fertilizer treatments. The results showed that the appropriate water and phosphorus fertilizer applica-
tion significantly increased seed yield, protein content, and starch content (P<C0.05). Among all treatments,
the combination of 600 m*+hm™* irrigation and 200 kg+hm™* phosphorus fertilizer achieved the highest seed yield
(885.44 kg-hm™*), representing an increase of 287. 96 kg+hm * compared to the control. Higher soluble pro-

tein and starch contents of seeds were observed under the treatment with 600 m*+hm ™" irrigation and 100 kg-hm

—2

phosphorus fertilizer. Path analysis indicated that the number of seeds per pod had a greater influence on seed
yield. Multispectral image analysis revealed that the nCDA-CNN model accurately predicted alfalfa seeds sub-
jected to different water and fertilizer treatments, with a recognition accuracy of 95%. This provides a high-
throughput, non-destructive detection method for alfalfa seed production. Optimized water and fertilizer manag-
ement can significantly enhance alfalfa seed production. Multispectral image technology combined with deep
learning models holds important application prospects for quality detection and sustainable development in the

grass seed industry.

Key words: Water and fertilizer Management ; Alfalfa; Seed yield ; Multispectral detection
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Fig. 1 Experimental setup at the test site in Jiuquan, Gansu, during the trial.
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Note: (a) Monthly precipitation and mean temperature at the Jiuquan experimental site in Gansu during the trial period ; (b) Plot layout of the Jiu-
quan experimental field. T,: P,\W,; T,: P,W,; Ty: P,Wgy; T,: P,W; T;: P,W,; Ts: P,Wy; T;: PsW 5 Ty PsW,5 To: PyWy;3 CKp: PoW 5
CK,: P\W,. Py, P, P,, and P, refer to phosphorus rates of 0, 100, 200, and 300 kgehm ?, respectively; W,, W, W,, and W, correspond to irri-

gation volumes of 0, 600, 900, and 1200 m*+hm™, respectively, with W, indicating flood irrigation
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Table 1 Soil indicators of the experimental site in Jiuquan

R EX EX B AR AL R A HLIT
Depth/  pH Total Total Total Available nitrogen/ Available phosphorus/ Available potassium/ Organic matter/
cm nitrogen/ % phosphorus/ % potassium/ % (mg-kg (mg-kg ™ H (mg-kg ) (mg-kg ")

0~10 7.94 0.096 0.08 1.70 53.0 19.1 137 15.00
10~20 7.93 0.059 0.07 1.78 45.2 17.3 157 8.96
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Table 2 Effects of irrigation and phosphorus application on seed yield and yield components of alfalfa

AbFE Treatment TFAE 7 IR HL Pods per inflorescence

TFJERFhFHL Seeds per pod

774t Seed yield/ (kg+hm ?)

W, 13.1942.23*
W, 13.0442.04™
W, 12.7042.16"
P, 12.864+1.05"
P, 14.98+0.88"
P, 11.1040.91°

8.24+1.15% 792.12481.21"

8.04+0.99% 789.58+62.36"
7.60£0.68" 763.76464.01"
8.05+0.39% 790.86434.55"
8.7640.81° 835.89+56.35"
7.0740.36" 718.714+21.63"

T 2 i — 8 v AN ] 5 B 7% b B 2 B0 A7AE Wk 35 28 5 (P<20. 05) o R[]

Note: In the same column, different letters indicate significant differences among treatments(P<Z0. 05). The same as below
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Table 3 Interactive effects of irrigation and phosphorus application on seed yield and yieldcomponents of alfalfa

Qb FE Treatment TR AL P I HL Pods per inflorescence

B YA T 4L Seeds per pod FF 771 Seed yield/ (kg-hm 2)

P,W, 11.79-+0.28%
PW, 12.90+0.47
P,Wy 13.880.63"
P,W, 15.76+0.62°
P,W, 15.1640.41%
P,W, 14.024-0.83"
P,W, 12.02+2.04%
P,W, 11.0840.53¢
P,W, 10.214-0.74%
P,W, 8.1840.31"
P,W, 9.12+1.15%

7.674+0.28%¢ 753.50460.32%°

8.4440.12% 797.42+31.58"
8.040.21" 821.65421.33"
9.56+0.18" 885.44+76.36"
8.77+0.38" 847.64456.07"
7.9440.32"4 774.594126.22%°
7.4940.23% 737.444110.51"
6.9141.40 723.67460.41"
6.8240.30 695.04446.82"°
5.7940.43¢ 597.484221.97°
6.43+0.22% 663.07497.22™
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Table 4 Path coefficient analysis of seed yield and yield components in alfalfa

R [ 4%/ FH Indirect effect
;'FE,' & B A% 1E ] Direct effect . JBEH Total effect
Indicator X, X, Hit
BEAE P IR L Pods per inflorescence —0.001 0.000 0.591 0.591 0.590
B IR T HL Seeds per pod 0.721 —0.001 0.000 —0.001 0.720
AP (YY) AR SR (X ) 38R T 80(X,)
Note: Seed weight (Y), Pods per inflorescence (X,), Seeds per pod (X,)
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Fig.2 Spectral reflectance of alfalfa seeds under different

water and fertilizer treatments
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Table 5 Morphological characteristics and color parameters of alfalfa seeds under different water and fertilizer treatments

fib 7 F K B JiE B BESHL BESEA  HaSHEB T A
Treatment Surface area/mm?*  Length/mm Width/mm  Compactness  Lightness L Lightness A Lightness B Saturation
P,W, 2.1540.26° 2.20£0.12"  0.5440.01"  0.54+£0.01" 45.54+-1.66" 7.54+0.13" 31.8740.63" 32.83+0.90"
P,W, 2.10+0.35° 2.05+0.20° 0.54+0.03"  0.24+0.02" 48.28+1.40"  8.6941.23"" 34.26+1.46" 35.32+1.71"
P,W, 2.5040.26"  2.17£0.10  0.5940.14" 0.5920.14" 45.604-3.23" 10.01Z=1.56"° 29.9448.80" 31.9248.08"
P,W, 2.8940.06" 2.45+0.10" 0.580.05"  0.580.05" 46.09+1.94"  7.7242.68 34.344+0.97" 35.3341.00"
P,W, 2.5240.14" 2.3540.12"¢  0.584£0.02" 0.5840.03" 50.2621.80" 8.4140.41"™" 35.074£0.98" 35.9340.90"
P,W, 3.534-0.18" 2.7940.08"°  0.694-0.01"  0.690.01°  53.884-0.92° 11.370.78"  39.2540.45" 39.2340.50"
P,W, 2.5140.30"  2.1240.11%  0.6040.08"  0.6040.08" 47.64+2.73" 10.21£0.25"  35.57+0.74" 36.98+0.63"
P,W, 2.8140.34" 2.3340.18"  0.6620.06" 0.6640.06" 45.844529"  6.99+1.32°  30.37+£2.15" 31.2242.18"
P,W, 2.8040.26" 2.4340.15"  0.5740.05"  0.5740.05" 46.7943.27"  8.9340.63"" 31.5644.70" 32.8044.48"
P.W, 2.68+0.05" 2.19£0.06“  0.6240.12"  0.6240.12" 48.6841.90"  9.510.54™" 32.14+2.49" 33.43+2.52%

P,W, 2.7140.22" 2.3140.21"  0.6240.09"

0.62£0.09"  47.84+3.16"

10.031.68"  34.28+2.88" 35.79-+2.36"
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Fig. 3 Prediction of each alfalfa seed under water and fertilizer treatments based on nCDA-CNN
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Fig.4 Soluble protein content of alfalfa seeds under different water and fertilizer treatments
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Note: a, soluble protein content of alfalfa seeds under 11 treatments. b, soluble protein content of alfalfa seeds across the three irrigation treat-
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ments (W,, W,, and W) in the three groups of fertilizer treatments (P, P,, and P,). ¢, soluble protein content of alfalfa seeds across the three

fertilizer treatments (P, P,, and P,) in the three groups of irrigation treatments (W, W,, and W)
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Fig. 5 Starch content of alfalfa seeds under different water and fertilizer treatments
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Note: a, starch content of alfalfa seeds under 11 treatments. b, starch content of alfalfa seeds across the three irrigation treatments (W,, W,, and
W) in the three groups of fertilizer treatments (P, P,, and Py). ¢, starch content of alfalfa seeds across the three fertilizer treatments (P, P,,

and P,) in the three groups of irrigation treatments (W, W,, and W)
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